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• . 

'TJje pnggont work is the third of a series of elementary 
|ianuals dealK^^/ith the science subjects most closely 
related to the textilS’dnduatry. It has been prepared 
to enable prospective textile students and others to be¬ 
come familiar with machine drawing, and thus to provide 
them with the knowledge necessary for the undeistanding, 
working; or superintendence of textile mechanism. 

The groat advantages which accrue from ayionrse of 
machine drawing cannot bo overestimated, ]»rticularly 
when the student executes the drawings from dimensioned 
freehand sketches made by himself from actual machinery. 
The wy work of drawing the various parts of a machine 
provides an insi^ which can onty be equalled by an 
eftenJed acquaintance wi^ the machine and its fnnetipis. 
Itgs %iainiy for this reason that we constantly odvdlate 
this particular branch of study to textile students, to 
supplement an^ to precede, if possible, the courses whidh 
are c^nsid&red to be more directly connecte(f with the 
tecbnoldg^l aspect of the textile industry. 

T. WOODHO¥SE. 

A. BRAND. 


Jamarij, 19tl. 



CONTENTS 


Chap. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Vli 

c 

vni. 

ix. 


Page 

lNTRODt(i:TOBT.1 

* r, 

» 

I’RMoiLs, Paper, Instruments, etu ... 2 

c 

PrU .iMiNABT Exercises.11 

Construction of Lines, (Urcles, and Arcs, and 
Simper Plane Geometut - - - - 21 

Orthographic Projection - - - . . 38 

Fastenh'qs; Bo£ts, Screws, Rivets, and Kefo - 66 

o 

Sketohino and Drawing of Details - . 68 

! C 

Drawings to Scale - - * - - - - 85 

Small Asskmhlies.106 

c ' 



TEXTILE 

MAttUNE PRAWING 


CHAPTER I 

• 

INTHOnUCTTORY 

In the pnrsnit of any branch of technical work,^ho student 
does not pi-oceed very far liefore he realizes the necessity for, 
and the advantage of, a knowledge of drawing. Many objects* 
liave to be described in some form or other, and in a certain 
numberaof cases it is jiossible to describe the objoc^ under 
.consideration in a vary few voids. For example, one might 
take the shuttle-box spindik of a loom; it*is a rouncLr^, 
gentralt^ made from steel, and therefore simple in struMure. 
If siith a spindle wer# in. diameter, and 26 in. 'long^often 
written 2' 2' long), its shajie, dimensions, and the material 
from which it is'iilade might bo stated concisely os under:* 

^ diameter x 2' 2* long, bright stee| 

• 

But if oit; takes such a'machine part as the sword of a 
loom—one of, the heavy brackets which support the lay—no 
such simple description is possihlo. Any written desoription 
which could convey to the mind of the reader a tomplete 
knowledge ^ the shape and dimensiotis of a sword would bw 
an intric^ and complicate^ statement; so*much so that it 
would require an exceptionally able mind to grasp the details, 
and visualize the part. In such a case, and there are many of 
similar difficulty, a representation of the part by means of 
a drawing or drawings, showing the correct and compete 
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shape of the‘ part, and upon whic\i drawings the various 
dimensions are cleai'4' marked, is absolutely necessary. 

The occupant of any important industrial postfs better 
fitted for his duties if he understands the making of drawing 
than he is when unac(]^ainted with this work, although a 
knowledge of t^iis branch is not absolutely essential. But 
there are_f(jw positions in which the occupants can*dfibrd to 
be unable to read and understand a drawing, • To. talw^ 
concrete case, one has oulj? to think uhe majority of 
students who attend textile classes (and other classes) throil|gh- 
out the country. Many of these — clerks, tenters, mill- 
machinery operators, &c.—are never called upon’ in the course 
of their daily work to produce a working drawing, but none 
of them can ^ick up a technical paper, or open a modem 
technical book, without finding the majority of the illustra¬ 
tions to 1)0 line dmwings. If the readers dve unable to under¬ 
stand thesd'/lrawings, a large part of the authors’ work loses 
much of its value, and in many cases the readers might as 
well leave the books or papers untouched. 

It is obvious that the b^t way to leara to read drawing! 
is to ^learn how they are made, and, more import|)nt still, 
to make them. Indeed, we are quite»convinc^, and have, 
expressed the Opinion for somf' considerable time!' that no' 
stuaent should be allowed to take up the mechanical side of' 
the Audy'of spinning or weaving until he has had*shear’s 
training in mechanical drawing, and preferably in the textile 
department, k coiresponding training iif Wthematics and 
mechanics iveuld be of extreme advantage. 


CHAPTER n 

PENcijA pIpeb, instruments, mfx 

It h an old maxim which feads t^at “ bad workmen blame 
their tools”; it is equally true that the student who provides 
himself with a good kit of tools has more chance of producinjT 
go(M work thw he who, tiuough any cause, is leas weO' 
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equipped. In no etiucalional work is there more need for 
good tool% than in the study and pfictice of mechanical 
dipwing.s^ It will generally be eonceded—and always by 
tethers of the subject —that those who fail to make satisfac¬ 
tory progress after a%^onable tirae%re nearly always badly 
equipped with the neoessary instruments. , 

It is ilbt to bo infened from the above remarks that an 
exponsiye aq({ varied outfit of drawing-instruments is neces¬ 
sary ; on 'the cotJtHtsy, the smaile|t possible set of instniments 
necSssary for the kind of work to be done should lie acquired, 
but these should be of good quality. The choice of a case 
of instruments almost invariably settled by the amount of 
money at hand, and no better advice can be offered to the 
beginner than that he should aequire as goo8 a set of tools 
as he can stfiord. 

It is not our int&ition to go deeply into the question of an 
outfit for a beginner, but the following paragraptil present a 
few facts concerning drawing-instruments, pencils, paper, &fe, 
which we think are worthy of careful thought and study, 

* Pencils .—These are made of many shapes, and in many 
qualities^ the beginner should provide himself with at least 
three gi^es, viz. H, HH or 2H, and HHH or 3 It TSe first 
,i8 usefulfor writing notes to drawings; th^ second u ^at 
witlf winch most of the drawing should be done; while*the 
third *na hardest shotild be kept for centre lines or fof vety 
fine detail work. It may be argued that these grades are 
too soft, since proftssional draughtsmen, in pafticular, usually 
have a weakness for very hard pencils up to 6H yid 6H, but 
the be^ner i»well advised to start with the softer grades, 
and use thAn until he hi^^lf finds the necessity for the 
harder qualities. • 

*, A pencil for use in mechanical drawing shoidd possess 
gener^ and particular qualities; the lead should he easily 
^uupene<^ should be durable so as to retain its working point' 
'lor a long time, and should, be perfectly uniform in quality 
throughout; the wood should be of such a shape that the 
jteneil is not liable to roll off the drawing-board, and the lead 
should be round for the sake of economy, as the pencil stunips 
may be stripped of th'eir wood and used up in the compdlses. 
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The wood ekuiild be straight grained, so that it may bo 
readily ami evenly fomoved by a pocket-knife. , 

Perhaps the most cominon shape is tliat indicated at A, 
fig. 1, which shows the well known hexagon form with a 
round lead. The flat Mes tend to ^hevent the pencil from 
rolling off a slcyting drawing-board, but this desideratum is 
^ jierhaps better fiAfilled by 

f -- those of the sgraewhat elH^ 

^ tical sectijA showri*at B in 
^^ the same figure, or tho* of 

* ^ ® the triangular section as at 

C, although the latter two 
are not extensively used. 

The pencils Vith a sectiois similar to B, fig. 1, usually have 
a lead of rectangular section, and this shape oilead lends 
itself more readily than do the others to the fonnation of the 
so-called flt); chisel-point, which is most necessary for the con¬ 
tinuous production of fine lines. 

The chisel-point is illustrated at A, fig. 2; the wood should 
be cut to the shape indicated by means of a sharp knife, and 
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the le^ brought to the required form by the same instru¬ 
ment; better results Ve oWined by rubbing^ the lead on 
a 6-in. flat smoSth file, and finishing off by a gen%e rubbing 
over a piece of soft thick ith])er, such as blotting-paper. A 
strip of smooth tape emery-cloth or fine sand-paper may take 
the place of the file. This chisel-point is necessary for thff 
diatring of all straight lines, the long* edge of the flat lead' 




PENCILS, PAPflK, INSTRUMENTS,#ETC. 6 

being kept parallel to the edge of the T-square*or set-square. 
At B, ill fig. 2, is ^hown the ordinary ftiiiical point which is 
best suilihd for writing notes on driiwings, and for the making 
of freehand sketches. 

liuhbur.—Cuve shohld be exercised' in the selection of the 
rubber used for eiasing faulty and unnecessary lines. The 
rubber sffoiild not bo of the highly vulcanized, haad,or gritty 
nature voiiiftoii^ most cheap qualities, as such rubber is 
siii'i to destroy roe surface of the paper, and make it unfit 
to take ink or colour if these are to lie used. For the sake 
of economy, the rubber should not be too soft, as many of 
the softer varieties possess jioor erasing qualities and waste 
rapidly in use. A medium grade of fine viil^nized grey or 
green rubber will be found moslT generally useful, and part of 
it should be cut ^ a nice edge to enable it to enter small 
corners and between closely-set lines. Where^part of a 
complicated drawing is to he removed, it is usually liest to 
make a paper shield, i.e. a piece of paper with a hole cut 
jn it to the shape of the part which has to be erased. Erasing 
shields of thin, highly-polished metal are sold for this express 
purpose.* 

I For cloning up drawings preparatory to J|ning-in, inking- 
in, colouring, stale bread (!huml)S prove most useful, an^ are 
a good wbstitute for proprietary articles such as ilrtgurn. 

CoMfoam, &c. —As previously uieiitioned, the student Mould 
provide himself, with the best case of instillments he can 
afibrd. It is false economy to purchase cheap instrument^ as 
they give n(f satisfaction in use, and do not |Ut for any 
length of time. Durability is ensured by seeing that all 
joints are of the double-secfpr variety, while adaptability in 
use may be secured by seeing that the larger initrucaents are 
double-jointed, and that the pouits are ne^lc-points, and not 
of the triangular variety. The doubje-sector gives ilicreased 
^wearing qgrihee to the joints; the double l(pee-joints enable 
the user always to keep tbsi pgints perpendicular to the sur¬ 
face of the paper; while the use of needle-points, in preference 
Jto the unsatisfactory triangular type, prevents the making of 
large holes in the paper when many circles or arcs l^ave ^ be 
drawn from one centra 
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A set of itifitruments which will be found suitable for the 
work detailed in suctieeding chapters of JIiiB booki comprises 
the following;— • 

1 pair of 4J-in. div^ers. 

1 pair of 3J-in. or 4-in. pencil compasses with removable 
lead-holiler. 

1 leagthening-bar for the above. 

1 inking-pen for the almve. 

1 4J-in. inking-pen. •• 

1 pair of pencil spring-bow compasses. 

1 pair of inking spring-bow compasses. 

1 pair of spring-bow ^viders. 
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There are nMny excellent sets of instruiasufs on the 
market, some of which con^n more instruments than are' 
mentioned in the above list; others a^in contain fewer 
instruments, but a very suitable case is illustrated in fig. 3, 
and it might be advisable to note that the case is best 
whfih strongly and substantially made of wood or other 
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lard substance in preference to the many ty|ibs of flimsy 
ealher or fimiiation-ieather wallets n#w on the market, 
rhpso wrffets are doubtless very handy for carrying in the 
locket, and in this respect appeal to many, but they do not 
protect the inBtrumeifts*whon out of Vise in the way that a 
jood wooden case will do. 

Ikamnf-btwrds .—These are made in dimensions ^.suit the 
ranous ^izesaof drawing-paper. The large boards should 
invariably be of feo “battened’’.variety, in which the well- 
ieastjhed pine which forms the drawing surface is fixed to two 
laken battens by means of screws passing through brass-lined 
slots. These slo^ permit of the expansion and contraction of 
the wood without warping of the surface The left-hand 
edge of the board should hav# a substantiSl ebony strip 
fitted into itsagainst which the stock or head of the T-equare 
may l)e made to bear. ^ 

A very suitable size of board for a beginner is 23 in. by 
16 in., which takes half an “ imperial ” sheet of paper. These 
boards, about | in. thick, can be obtained in 3-ply wood, the 
3-ply arrangement preventing warping under all ordinaiy 
variationsi of temperature and humidity. Such a boag} will 
he found jpnvenient for the work contained in^this book; the 
jize of paper required is aboutll22 in. by 15 in. ^ 

Driwing-paper .—If the drawings are only to be finished in 
pencil, Cartridge or machine-made paper is quite suitablS for 
the purpose of the beginner. It should be of fairly good 
quality, able to sfhnd erasure without destruction of the 
surface, and pencil lines made on it should notfbe readily 
smudged^r fturred, even when repeated use of the rubber is 
found necessary. Such paper p m^e in continuous rolls, and 
also in the following sheets:— 

Nftine of Sheet. Sice of Sheet. 

Antiquarian ... • ... .... 68’ X 31** 

Doq^lh Elephant. 4^* X 27' 

Imperial ...30’ x 22’ 

Half Imperial ;.22’ x 16' 

Where drawings are to be finished by inMng-in or colouring, 
t better quality of paper, such as Wliatman N.H.P. (not M)t- 
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pressed) or rough surface, is desirable. In either case it is 
worthy of the begituier’s notice that thei;e is a right side and 
a wrong side of the paper; The right side to draw on is that 
next the eyes when the maker’s watermark can be read 
correctly, the paper l&ing held between the eyes and the 
light If the paper is not watermarked, the right side can' 
usually be distinguished by its smooth appearance compared 
with the rougher “ squared " appearance of the ' ;vck. 

For sketching purposes, particularly if finished drawings 
are to be made from them afterwards, practically any ty|)e of 
paper is suitable. In this connection, the use of squared 




Fig. 4 

« 

paper is sometimes a big advantage, since the two s|ts dt lined 
facilitate the sketching, and details iSm be quickly dnwn in 
proper proportion without the necessity of actual measure¬ 
ments being made. For this purpose, papA’Wh as illustrated 
at A, fig. ^ is most useful. The large square^has 1-in. sides, 
and each side is divided up into 12 equal partt, making 
12 rows, each containing 12 fittle squares. ‘As there are' 
12 in. ^r*foot, these divisions enable one to make rapid 
sketches of comparatively large objects in due proportion. 
For certain purposes the paper ruling illustrated at B is more 
useful, since it is divided up into eighths of a« ^ch in l-in. 
squares. In several engineegng works each inch of Uie iooi-. 
rale is divided into 10, ancf hence. 10 X 10 paper would be 
used. 

T-tqmre and Set-squares .—The T-square is used for guiding* 
thfitpenoil in the drawing of all linen parallel to the length d 
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he board; it must be made of a size to correspond to the 
)oard in use—generally about an inch tonger, i.e. when the 
legd or Sflick is close up to the left-hand edge of the board, 
he end should project over the right-band edge of the board 
ty an inch or so. Shhi^er ones may, 8f course, be used with- 
lut much inconvenience. • 

The beSt T-squares are made of mahogany, wit|> tjje work- 
ng edg^of the stock and the ruling edge of the blade fitted 
vilb ebony strips; The beginnqr, however, is well enough 
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iquippwl *f he possesses'a pear-wood or maple T-square fHth- 
>ut the ebony edges. It is essential that the ruling edge he 
itraight, and that it lies at right angles to the stock. The 
stocks or head»are made either movable or fixed; t^e latter is 
» be preftirred. 

' Set-squares* are used to drew lines at right angles, or at 
)ther fixed or “set” angles,* to the line of the 'j^-square. 
They are right-angled triangles made of wood, transparent 
mliuloid, vulcanite or - the like. The two kinds iit most 
^nerel use age illustrated in fig. 6, which shows the angles 
found in each, and useful sizes^ .They are kno*^ as the “46” 
uid “60” set-squares respectivefy from the particular angles 
they contain, viz. 46° and 60°. The 60° angle naturally has 
t 30° angle as its complement, but this set-square is almost in- 
fariably named after the 60>4tDgle. 
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The chea^t forms of set-squares are miule of pear-wood, 
but they are liable *jo shrink and warp.,. A bettar quality is 
that framed up of three pieces of wood and flttcd Vitb ebpny 
working edges, but for general use those of transparent cellu¬ 
loid are perhaps theHnost suitable.' ‘^iome are made with 
bevelled edgest but these are in many cases incotivenient, 
oarticulariy when using the set-squares to draw pa'rallol lines, 
or when using the 60 set-square to draw oppowitely-directed 
lines; on the whole, the,perfectly-flat-edge variety is the 
best. 

Rules, Scales, &e .—Possibly the beat form of rule is an 
ordinary 13-in. steel straight-edge, marke'l in Sths, 16ths, 
S’lnds, and 64ths of an inch on one edge, lOths, 30ths, SOths, 
and lOOths oi an inch on another edge, and, since metric 
measurements are sometimes found necessary, these may be 
marked cqt the opposite side of the rule. The one disadvan¬ 
tage in the use of a steel rule—apart from the formation of 
rust—is the possibility of blunting the points of dividers and 
the needle-points of compasses when taking off sizes; this de¬ 
fect can be avoided by placing the sides of the points into the 
divi/pons of the scale, and by exorcising a certain amount of 
care. Cardbof.rd scales are extensively used by engineering 
st^'dents, and so are box-wood Scales. 

Jkawing-pins .—^These are made in many types and sizes. 
A useful size is that made of bright'steel, with a heifj about 
J in. or Ys i>)- diameter. They should be jnade in one piece, 
i?e. the pins should not be inserted, as they are liable to 
loosen af&ar having been in use for some time. 

When the student has made some progress, he' may find' 
(t an advantage to add other stools to his outfit, such as the . 
above-rentloned scales, protractors, curves, &c., but these will 
not be discussed until the need for them arises. 
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CHAPTER III 
PRELIMINARY EXERCISES 

The object of any mechanical drawing is to describe com¬ 
pletely any particular mechanical appliance by indicating its 
actual shape ^nd formation by means of surfaces Aiciosod by 
lines, stfaight or curved, in such a way that there is no doubt 
or ambiguity as to its shape or dSnensions. An examination 
of any drawing, simple or complex, will revejil the fact that it 
is made up of lines. The lines may all be of one kind, but 
more usually thefe will be two or more kinds on the drawing. 
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The differgnt kinds of lines are used for differmt purp^s, as 
jvill be demonstrated by the ckscription of fig. o. ^ 

Thi liges in fig. 6 represent a working drawing of the 
lifter earn shaft of a Certain type of spinning-frame. *The 
drawing is built upon the thin fine line AB. known as a 
centre line; it tna^ be taken as a general mfe that similar 
centre lines form the starting-point of every piechanical 
drawing.* The line should be perfectly even and distinct; 
but, as its uSe is merely constructional, it should not be so 
prominent as the main lines of the object. Sqoie^mes the 
lines are made “broken” as indicated at A, fig. 7, but it 
is more convenient, particularly in ^ drawing witk much 
detail, to J|ave one continuous line. 

The line CD in fig. 6 may,b«i taken as tyjScal of a second 
kind of line, known as a dimennon line. It should be some- 
,what firmer,' i.e. thicker than a centre line, but still not so 
distinct as the main outline of the object Its purpose is 
to diow the exact mmii^f the dimension placed upoK it 
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The dimensfon CD, fig. 6, is shown to be 12^ in., in¬ 
dicating that the lei°gth measured betwi^n the locating lines 
drawn from the ends of* the shaft, and therefortp between 
the ends of the shaft also, is to be made 12j[ in. The 
dimension line should* be drawn as'^slfcwn, and the figures 
written immedfately above it as indicated. The line should- 
be contiminus, although some draughtsmen have a'preferonco 
for the method indicated at B in fig. 7. Dimcm-ion Jines 'are 
easily recognised by the „arrow-hesd8, the angle of which 
should be small rather than large, and the sides long richer 
than short; the two types are shown at C and D, fig. 7, and 
the former is to be preferred. 



Tire main line of the drawing in fig. 6 is indicat^ by EF. 
T^is should be a firm even linrt of one thickness tVroughout, 
drawn fairly boldly and heavily so that it stands oifi die-' 
tincidy from all the other lines on thb drawing. Tire ^.tudent 
should cultivate from the very lieginning the faculty of 
drawing line8‘of regular thickness; and, in^any one drawing, 
all lines w^ith a similar purpose should be exactly alike. This 
is somewhat difficult of attainment by a beginner, eut it be¬ 
comes easier by practice, and uliimately develops into a habit. 

The ^ott^ lines shown at H, fig. 6, serve a very useful 
purpose; G and H are two key ways, each | in. long but Sm. 
apart, <as shown by t^e dimensions in the lower part of the 
figure. The keyway G is drawn in full lines, itsdioating that 
it is in the frdnt portion of ^\e shaft, and therefore -visible; 
on the other hand, H is draiku in dotted lines to indicate that 
it is on the opposite side of the shaft, and really cannot be 
seen when the shaft is in -the position shown. This purpose 
is Veidectly general, and dotted^#aes ‘are invariaUy used tb 
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indicate details which are* hidden from any particular line of 
riew; whqp different views are taken of the same article, 
t ^rt may bo iii full view in one drawing, and dotted (or out 
of view) in another drawing. 

A second kind of (fcfted line is usatt at K, fig. 6. This is 
known as a chain-dotted line, and is really a series of very 
short line* alternating with comparatively long l^pej. Such 
chain-dotted 4ines are used for several purposes, but mainly to 
convey information in a more Of less graphic manner. In 
this^iarticBlar instance the chain-dotted line indicates the out¬ 
line and position of a washer used on the shaft, and is drawn 
with the shaft to^ive a reason for the small hole shown at L. 
The hole is intended for a cotter-pin, and such holes are not 
usually drilled until the part is being put into ife final position 
on the machine. It is for this reason that the hole is neither 
located on the shaftVor dimensioned. 

With this preliminary information the student will be in a 
position to make a start with actual drawing, and, since all 
drawings are made up of lines, the first exercises shall con- 
silt in practice in the drawing of the various kinds of lines 
mentioned 

,ln/lraeHon ,—Pin a sheet of drawing-paper to^the board, and 
see that if lies fiat on the boaal without buckling or creasing, 
ft is * g^ plan to have a second sheet below the first to 
act in tile nature of a paS. A soiled piece, or an old drawing 
will amply serve the purpose. Once the pajmr is in posi¬ 
tion, pin down tfie*right-Wd top comer, and then adjult 
the paper until its edges are parallel to the edfes of the 
drawing-Rcard. Then draw the right hand firmly from the 
pinned corner'to the left-han(f,bottom comer, and insert there 
a second pin. Then, with the left hand, smootll d«wn the 
paper towards the left-hand top corner, and insert a third pin. 
Finally, do the same smoothing proceys for the riglft-hand 
bottom come* and insert the fourth pin. Fj^ur pins should 
bft Bufficienffor a small sheet of ^per, but more may be’ used 
if it is found desirable or necessary. When the paper is 
properly pinned down, lay the T-square on the boanl as in¬ 
dicated in fig. 8, and have all the pencils, &c., likely to be 
Inquired in readiness at tha right-hand side. 

<»9B) 
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ExEROiNii '1.—To diw examples'of various kinds of lines. 
Divide the sheet ofit paper into four divisions as shown in 
fig. 9. The centre of the‘upper and left-hand edges may,he 
found by direct measurement, after which the T-square is 
used to draw the horizSntal lines, and the 60 set-square, with 
its short edge lasting on the T-square, as exemplified in fig. 8, 
to draw th^ vertical lines. It is imperative at all tintes to have 
the stock of the T-square held firmly to the Irft-hapd edge 
of the drawing-lxnrd. 
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In one %f the four spaces formed, mark off* a point about 
1 in. from the left-hand edge, and with the 60 setd^uare set 
up a light vertical line. Set tife dividers to ^ in., and mark' 
lightly a saties of points, in. apart, on this vertical line. 
Use ea^ of these points in succession as the beginning of 
a line,«nd draw equid numbers of centre, dimension, dott^, 
chain-dotted, and full lines. • 

Exercise 2^1n the seoqni^ of the four spaSss mark 
point about 1 in. from th^ bottom, draw a horizontal line 
through it with the aid of the T-square, and (m this line set 
off a series of points J in. apart. Use these points to draw*, 
a liicond series of lines similar -to those in Exercise 1, but 
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vertical intitead of horizontal. These vertical lines must be 
drawn with fhe 60^set-square set with its short edge against 
tl(p drawing edge of the T-siiuare, hs in fig. 8, and moved suc¬ 
cessively to each point in turn without moving the T-square. 

Exeboise 3.—In thJ third space, tSg. 9, draw a diagonal 
with the aid of the longest edge of the 60 *set-square, and 
njark off^n it a similar series of points. Use^hg 60 set- 
square dmw a thiid series of the different‘types of lines 
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mentioned in Exercises 1 and 2, but this time tt, an angle 
of 30° t(Mhe horizontal. 

' Exercise 4.—In the fourth space, which, if the full sheet 
measures 22 in. x 15 in., wiA be II in. x 7^ ini, 4pw two 
horizontal centre lines, sO that their pitch, or distance apart, 
is half of in., i.a 3i ku Next draw fije vertical oentee lines, 
pitched 2^’j ii% apart, thus giving ten points at which the vertical 
pod .horizontal h'nes intersect., §et the compalses to a radius 
1 in., and, using each of the iSti points as centres, construct 
ten circles, making two of each with lines corresponding to the 
five kinds used in the previous three exercises. A third hori- 
tontal centre line may also be drawn, and five additional^iat 
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smaller circles may be described as shown. In drawing lines 
on the paper, the student should remen^ber alwf^s to move 
the pencil away from him,*' ie. when drawing torissftfttal lines, 
move from left to right; for vertical lines, from bottom to top; 
and for circles in a clockwise directfodi To do otherwise is 
to invite the pencil to dig into the surface of the paper. 

In ail oi .the above exercises the student should*endeavour 
to make all the lines of the same value, that iff to ^y, eami 
kind of line should be of tVe same even thickness and black¬ 
ness throughout. In setting compasses to given radii,'care 
must be taken to prevent injury to the compass points, par¬ 
ticularly if a steel rule is used. In every /■aso, the compass 
point should be laid in the marking of the rule as flat as 
possible, and on no accouflt should the points be applied 
perpendicularly to the surface of the i]j^l& In* setting the 
compasses to any particular radius, it will bo found an advan¬ 
tage to have the middle finger of the right hand between the 
legs of the compasses, as in this position it can best control 
the movement in or out of the compass pencil. 

In the actual drawing of the circles, the compasses should 
be held at the top only, and the pencil should not*be helped 
round by prewing ond or more of the fingers directly on the 
pwicil leg. One sweep of thd compasses should compete p 
cirejp, unless it be of a large diameter; if more than/)ne*move^ 
ment be necessary, care must be ta^en, when changing the 
position of the fingers, not to cause the copipass point to dig 
into the paper, and to see that the second part of the circle 
joins up properly to the first part. Beginners should also be 
warned against having the coippass joint too tigh*^ as this 
practice wastes much time in setting the points to a new radius. 

As ore o1' the essentials of any form of mechanical drawing 
is accuracy, it is necessary to see that the instruments used, 
partic3larly the T-square and the set'-squares, are first of all 
accurate them^lves. The essentials of a T-acftia^ are: 

1. That the working edge^6&straight; and 

2. That the working edge of the-blade is at right angles to 
the working edge of the stock. 

The following two exercises will enable the student to test 
fiilT-squaie; 
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• 

Exercise D.—With a finely-sharpened, hard, ehisel-pointed 
pencil draw as long a horizontal line *n the paper as the 
T-equareMill allow, making sure that the stock is held firmly 
against the edge of the board, and that the pencil point is'as 
close aa possible to ?he edge being Ibsted. Next, turn the 
T-square with its other face on the paper’and bring the 
working edge down to the line thus drawn. Ifedge is 



Btraightw it will coincide writh the line at ever^ point, no 
matter how the T-square bq altered horizontally. 

Exercise 6. —To ascertain if the blade and stock of the 
T-square are at right anglhs:. Near the top dl tie paper 
measure carefully, say 2 in. from the left-hand edge, and mark 
a fine point. Do the same near the bottom of the paper, and 
join thes^tlro points, A and B, fig. 10, by^a straight line. 
Take any point C, at or near tj^e middle of AB, and With C 
as centre and radius CD'(as large as possible) mark off two 
points D and S equidistant from and above and below C. 
.With point D as centre, and as large a radius as possible, 
describe the part of a oirole shown at EG; repeat this itom 
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point E with the same radias, and draw the part of a circle 
HK, cutting FG at the point L. Join C tn L. «Now place 
the T-square in position on the hoard, and m«ve illfe* edge up 
to the line CL. If the stock is perpendicular to, or s(|uare 
with, the blade, the e%e of the blade *and the straight line 
CL will exactly coincide. 

The student should note that he really has halVod or bi¬ 
sected an anglS'of 180’, i.e. made two angles of OO^or two right 
angles, these being angle Mjh and angle £CL. It will thus 


F 
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I * . . 

be seen that CL is at right angles to AB, and since*AB is 
parallel to the edge of the board, and tp ,the stock of the 
T^quare, CL must also be at right angles to the stock. 
The essetitials of the set-squares are: 

1. That their edges be straight; and 

2. That tjie various angles ale exactly what they purport 
to be. * 

The Straightness of <the edges may be tested by reference to 
any known stnught edge, or by the methodtiij^cated in 
Exercise 6, while the followiag two exercises show how to) 
check the various angles; 

Exbrcisb 7.—To test the 90° angle of a 60 set-square; 
With the aid of the T-square draw a )ioriaontal line similar 
to AB, fig. 11. Assume a point C at or near the centre $4 
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AB, and with the short side of the 60 set-square held 
against th* T-squai;q in the position iadicated by 1), draw 
ajine aftBig i* upright edge. Without altering the posi¬ 
tion of the T-squar^ turn the set-square over on its otlier 
side into the position llidicated by S on the right, and see 
that the vertical edge coincides exactly withlthe line CF; if 
ft, does, ite angle ACF is 90° and therefore o^-rqpt. The 
fight angle t)f the 46 set-square may be tested in a similar 
manner. • 

Exickgise 8.—-Draw a horizontal line A6, as in fig. 12, and 


F 



assumt a point C at or near the centre. With centre 6 and 
radius CD, describe the semicircle DFE. With the same 
radius, and D as centre, describe the part circle or arc GH, 
cutting the semicircle in K. Join DK. The angle CDK, or 
EDK, i? now 60°, and may lip used to check the 60° angle of 
the set-square. , 

If the 90° and the 60° angles are thus found tn bg correct, 
dnd if it has previously been proved that the edges of the set- 
square are straight, the 30° angle may be taken as^orrect, 
since the^tHi^e angles of any triangle are equal to 180° or 
• Wo right angles; 180 — (90 -ft60) = 30. If a Jnrther ami more 
graphic check is desired, - join ^E. Angle DEK is an angle 
,of 30°, and may be used to test the 30° angle of the set- 
,sqmu«. Eudid, III, 31, proves that the angle in a semicircle 
fa ^ways a r%ht angle, henoe the triimg^e DELE is extetly 
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similar to a 60 set-sqware, and the 90° angle of the set-square 
may be further checlted by reference to tlje angle DKE. 

hbCEROISE 9.—To test tlie 45 set-square, draw a 9forisont«tl 
line AB as in fig. 13, and assume a point C at or near one end. 
Use the 60 setequare to set up a li/ie ‘CD peipendicular to 
AB. With centre C, and radius CE, describe the (piartei^ 
circle E^, ^With centres E and F describe the ards GH and 
KL respectively, intersecting at M. Join CM.Thq. angles 
ECM and FCM are each 46f (half a right angle) and may be 
used to check the small angles of the 46 set-squares. 



The student should again note that the construction shows 
how to bisect 'any angle, that is, to divide ^t into two equal 
parts. In (he case in fig. 13, an angle of 90” (a right angle) is 
thus bisected, whence each half becomes -'\p or 45°. * 

A further method of checking'the set-squares is sometimes 
suggested, but its accuracy de^pends on the taking of very 
exact measurements. Thus, in a 60 set-square the long edge 
opposite the right angle should be exactly twice the length of 
the shortest side, while in a 45 set-^uare the sides adjacent 
to the. right an^le are equal. The difficulty in cSeddng by, 
this method lies in the fact fmat when set-squares have been 
in regular use, for even a short time, the points at the sn^es 
become rounded by wear, and accurate measurement is almost' 
impossible. 
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CHAPTEIJ IV* 

OONSTEUOTION OP LINES, OIBOLFA AND AEtS,' 
AND SflafLE PIANE CEOMETEY 

• 

Any naechaiiical drawing may be regarded as a combina¬ 
tion of various linos, straight and curved. Bot|>^e'generally 
present in most drawings, sometimes separately, but often in 
conjunction. In miuiy cases curved lines, arcs, circles, &c., 
have to be joined on to, or meet, straight lines, and the correct 
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joining up of stpight and curved lines has much to do with 
the good appearance and accuracy of the drawing. The follow¬ 
ing exercises are intended to give the beginner prictice in the 
use of t'^e various drawing-ii)ptruments, and to inculcate habits 
of neatness and accuracy. .When any general geometrical 
principle is involved, it will bj discussed briefly? and mainly 
fnom the point of view of its application to mechanical draw¬ 
ing. It need hardly be' pointed out that| if the student'intends 
to becoma eipert in mechanical drawing, it js desirable that 
he should have a more or les^ extended knowledge of the 
principles of plane and solid geometry. 

It will be convenient if the student divides his sheet of 
jpaper into divisions, as shown in fig. 14, where the paper is 
divided into eight rectangular spaces. Near the top of^baeb 
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nw of four spaceB draw three light lines as shown, and use 
jhem to indicate bridfiy the natura of the various'jfercises, 
ind. to make any notes concerning them. With regard to th6 
ictual lino drawing, it should be bomefiiiimind from the com¬ 
mencement that many & the lines are used solely for con- 
itmctional purposes. These should be drawn as Ijghtly, as 
Snely, and at accurately as possible, and only on completion 
jf the exeroise^hen the object has been attained, shoi^d the 
important lines be ruled in diktinctly. 

_ Exercise 10.—To construct a right angle, 

^ and to round it out by means of an arc of a 

circle. •* 

Draw a stijaight horizontal line AB, as in 
fig. 15. ^hoose any 
goip.*'' 0 near A, and 

E, _ I byhneans of the 60 

IQ set-square set up_ a 

N perpendicular CD. 

m If the radius of tho 

V arc is to be 1^ in., 


^ Ip ' ® the compasses, and,' 

jfig. u with point (} as 

. centre, strike two 
short arcs, cutting CD in E and CB in F. Keeping th^same 
radios, and with E and F as centres in sqpcession, mark the 
two small arcs shown intersecting at G. Then 6 is the 
centre of toe reqiured arc; hence, with G as centre, |nd the 
same radius of 1| in., draw the arc EHF as shown. If accu¬ 
rately drawUj^DEHFB should appear as one continuous line- 
straight, curved, and straight. , 

Repeat the same exercise, using different radii for the 
required arcs. * ^ 

Exeroisi Il.f-Gpn8tmct an angle of 45° witfaeut using 
the 45 set-square, and round Aul the two sides by means of 
an arc of a circle. 


Draw a horizontal line A6, fig. 16, and from a point C on 
it set up the perpendicular CD by mesne of the 60 set-square. 
Tah^aUy radius lees than either CD or CB; say about 3 in.. 
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• I 

aiid, with C as centre, strike arcs cutting CO in £ and CB 
in £. With the saae radius and,centrl8 £ and F mark the 
ascs sho^ti intAsecting at U. Join CC. The line CO divides 
the angle into two ^ual parts, i.e. it bisects the angle DCB 
of 90°, and each of thi angles lXX#and BOG is thus 46°. 
Suppose that the angle BCG is to be rounded out by means 
(i an arc of 1 in. radius. Set 1 in. upon the ctmipasses, and 
cbooso^ny jJoints H, J, K, and L on GC and 0R With each 
of these points in succession as cmtros draw the arcs indicated 


D 



at M, N, P, and Q. Draw lines ES and TU, just touching 
each pair of arcs; tflose lines cut or intersect at point V, which 
is the rMuired centre of the arc. With V as centil, and 1 in. 
as radiiS, describe the arc v{bich clearly rounds out the 45° 
angle. , 

Bepeat the exercise, using the angle DCG an^ a sadius of 
J-in. 

Exbroisk 12.—^To join two parallel* lines by means of a 

line AB, fig. *17, using’ the T-squaiA, and 
choose a point C in the line nekr A. From C, with the aid 
of the 60 set-square, set down a perpendicular CD. If the 
line* are to be 3 in. apai-t, take a radius of 2 in. on the corn- 
panes, and with C as centre draw the arc EHK^ cuttiiiglCD 


quarter-cu^ldf 
*• Draw a lis 
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4 • 

in E and AB in K. Through E draw FG parallel to AB. 
Then with K as ceiAre, aijd with the same radius of 2 in., 
draw the required quarter-circle CLM. ' "* 



Exercise 13.—^To connect up a circle or part of a circle 
and a given straight line by means of an arc, 1^ in. radius.' 



Draw two Knee, AB and CD, fig. 18,. perpendicular to each 
ot^A", and i^tmneeUng at £, and let B be the centre of the* 
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given circle. Let the centre of the circle and the given line 
be, say, 1| in. apa^t. Mark off the point C at a distance of 
14 in. fhm E,«and draw OF parallel to AB, the former benig 
the given line. Construct a circle about £ so that the point 
G is less than 1^ in.*fr9m C. From ^int H mark off HK =: 
1^ in., and with E as centre and £K as radfiis draw the arc 
LKM. With C as centre and in. radius, ci^off CP and 
■draw J’Q jihrallel to CF, cutting the arc LlMn in point B. 



B is tihe centre of the required arc. With R as*centre, and 
IJ in. ftdius, draw the arc JTV, joining up the given line CF 
to the pven circle. , 

If a perpendicular be rais^ from the centre ft it> the line 
GF, it will meet CF in the point T, and this point is where 
the straight line FT ahd the arc TV meet. If EE HI joined, 
it will cu^tlfe circle in V. These points, V and T, are termed 
■points of contact. •• ' * 

ExkitoiBE U.—To find the centre of a circle, given three 
points in its circumference. 

Mark any three points, say A, B, and C, in fig. 19, taking carl 
'that the linee A£ and £C which connect the ^ree points^na, 
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if possible, approximately a right angle. This precaution is 
taken so that the ci{ple will not have tof large radius for 
the capacity of the paper. ' When AH and Bf) are’Joined ,as 
shown, set the compasses to a radius longer than half of AB, 
and, with points A and B in BUCceBd.oti as centres, describe 
short arcs on each side of AB, intersecting at D and 1 re¬ 
spectively. Bepeat the operation with the line BC,' obtaining 
two sets of aNC which cut at F and G respectivelj. Jpin DE 
and F6 as shown, and, if the linM do not intersect, produce 
them in the required direction until they <lo intersect, as 
shown at H. Then H is the centre of the required circle, 
and HA, HB, and HC are radii. With this^'/mmon distance 
HA, H:^ or HC as radius, describe a cii-cle ABCK as indi¬ 
cated. Note tt.4t the lines and FG bisect Afi and BC 
respectively at right angles. From the constn^rioa, HA must 
equal HB,iand similarly HB must equal HC,/^h being equal 
to a radius of the circle. 

’ Perhaps a more common problem in practice is the finding 
of the centre of a circle an arc of which is given. To proceed, 
then, draw a circle of about 3 or 4 inches radius on a piece of 
thin cardboard, and cut it out carefully with a sharp knife or 
scissorsi Dividf it into'two segments, one less and one greater 
th^n a semicircle. Lay the lesrer one on the drawing-paper, 
and draw carefully round the curved ^rtion of it. ,Thi will' 
give hn arc of a circle the centre of which is not marked 

Exercise 16.—Given the arc of a circle, to find ita centre 
and radius and to complete the circle. ‘ ' 

Suppose KABC in fig. 20 to be the arc obtained as described 
above. Choose a point B near its centre and join ^B and 
BC. Proceed nex^ as in Exercise 14, to bisect AB and BC 
at right pngies, and thus find tie centre D. With DA, 
or DC as radius, complete the circle as shown in heavy ohaip- 
dotted *iinee. The student will probably see that it is not 
absolutely necessary to join up the points AB and BC by lines. 

Exercise 16f— To connect ttwo given circles by* an arc of 
a third circle of known radius! 

Suppose the two circles are 3 in. and 3 in. diameter re¬ 
spectively, and that their centres are 4 in. apart, while 1^ 
tUrd cirois oonnectint; the other two hae a radius of Id in. 
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Draw a horizontal centre line, and mark two points on it 
iit aparj, as A and B, fig. 21. Witk^ntres A and B, and 



radii of in. and 1 in. respectively, describe circles of 3 in. 
and 2 in. diameters. With centre A agd radius 1^ in. Sf-1| in. 
= 2| im, describe arcs CD and £F; and wflh centre B and 



radial 1 in. +in. ac 21- in., describe two other arcs, 
catting the first two arcs id; Q and H. The centres of the 
4wo 1^-in. arcs are G and H; so with these two Join^ as 
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oentrea, and a* radius of in., mnnect up the given circles by 
the arcs shown. ^ 

The accuracy of tlhe drawing may be tested by -ieining A 
to 'H and H to B. AH and HB cut the circles at K and L 
respectively, and, if ther drawing is aotutate, points K and L 
will coincide u<th the points where the 1^ in. radius circle 
joins the other two circles, i.e. K and L are the^'points of 
contact. ' . 

Exercise 17. — ^From any point on a given circle to draw a 

tangent to the circle. 

With any suitable 
point fig. 22, as 
centrei and a radius of, 
say, 1 in., draw the 
circle BOD. On the 
circdm%renoe of this 
circle choose any point 
B through which 4he 
tangent to the circle is 
to be drawn. 

Join AB, a mdius of 
the circle. The required 
tangent must pass 
through B and 
right angles tp the 
radius AB; any construction, therefore, will be appropriate 
that enables a right angle to be formed at the point B. One 
method is Os follows: With B as centre, and a radius of, say, 
BE, draw a second circle EFO| with the same radtus BE, 
mark off on the circumference the divisions EF and FG, each 
of whicl\,8uLtends an angle of 6o° at the centre of the circle. 
With centres F and O in suec^ion, and any suitable radius, 
draw tiie arcs intersecting at H, and' through H draw HB 
and extend it to point R. HR is the required*tangent. 

Each of the aSigleS EBF and hcBO is 60°, as indicitled above; 
while HB bisects angle FBGK The angle EBH is thus equal 
to 60° + J of 60° = 90^, a right angle, and the line HBR is 
thus at right angles to the ra^us A^ _i.a it is a tangent to 
the ^le BCD. 



LINJ5B, (jByLES, AND A?wC8 




The student should repeat the exercise by pVoIonging AB, 
so that BQ = EB; then obtain the point 6 from point Q, 
instead pjTrora poiftt E. • 

' Exercisb 1'4—From a point outside a given circle dJaw 
two tangents to th» g^ven circle. ^ 

With centre A, fig. 23, and a radius of l^an., describe the 
circle D£|p. Outside this circle, choose any suitable point B 
*rom which.to draw the two tangents. Joinabd bisect 
it at right angles in the point using the method given in 
Exercise 14. With point 0 as centre, and OA or OB as 
radius, describe the 
circle ACBD, putting ^ 
the given circle in G 
and D. Join EC and 
BD, and produce them 
to F and Gr respt-i^tiwoly; 

BF and BO are the re- 
qjnred tangents. 

Join AC and AD; 
these are two radii of 
the give)? circle DEC. 

Note that AOB is a 
diameter* of the circle 
€)ACB, and that ACB 
and ABB are thus 

semicifcles. It has already been stated that the angle in a 
semicircle is a righiangle; hence, angle ACB and angle ADB 
are right angles. The lines BF and BO are tfaoefore each 
at rights angles to a radius of the given circle, i.e. BF and 
BO are tangents. * 

Exi:R(.' 18 E 19.—To describ^a circle to tibuch tlw three sides 
of an equilateral triangle of 4-iit. side. * 

'Draw a straight line AB, fig. 24, fuyy 4 in. long,«tnd by 
means of the^mpasses, set to 4 in., mark off points C and D. 
_With points C and D as centres, and with*tbe same 4-in. 
‘measurement, mark off the arcs,* intersecting at 1. Join CE 
and DE. CDS is the required equilateral triangle of 4 in. 
side. 

< Proceed as follows to find the centre of the required drele, 

fBMI 
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With a radius' greater than half of CD, say 3 in., and with D 
and £ as centres in succession, strike the arcs intersecting at 
F. Repeat this from' points C and E, and obtain thg 4 >oint G. 
Join OF and DO, noting that they intersect at H, which is the 
required centre. As a^check, drop f, perpendicular from E 
upon the base CD; this line should also pass through the 
point H. 

With ri (L centre, and HK, HL, or HM as radius, descrilie 
the required circle. This circle is termed the “inscribed 
circle”, H is the median centre, and the lines CM, DK, and 



EL are called medians, because they pass through thisSaentre. 
The medians bisect their respective angles^ a^d also bisect the 
sidra at r(ght angles. H is also the centre of area of the 
triangle CDE. i. 

Exkroisk 20.—^To construct a square of 4-in. side, and to 
inscribe a c^le touching each of the four sides. 

With lihe aid of a T-sqiuire‘draw a horizontal lino AB, fig. 
26, fuljy 4 in. long. ^^From A set up AC, by means of the 60 
setequare, perpendicular to AB, and also a lit^e more than 
4 in. long. the dividen to 4 in., and, with A>as oentnv 
mark off the points D and <E *on AB and AC respectively. 
Through E draw EF parallel to AB, and through D draw DG 
parallel to AC, and meeting EF in G. Then ADOE is the 
required square. 
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Join AG and DE; these lines intersect at H, and this point 
is the centj^ of the square us well as the centre of the required 
circle. Tp lin^ the necessary radius, s^ up KL through H 
parallel to AE and DO, and also through U draw MN parallel 
to AD and EG. HM, (iM, HL, and JIN each gives the radius 
required, so with centre H, and radius as shown, describe the 
circle KLMN, the points named Ijeing the four points of 
•xmtact. Nate that H is the centre of are^ll^thl square, 
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that the diagonals intersect at right angles, an4 that each 
diagonal bisects the square as well as the horizontal and 
vertical centre lines. ' 

The student will find it a flseful exercile to t4>ulate in his 
notebook the above facts, as ■(^11 as any others he Aay learn 
from each problem. i • 

Exxrgise«21. —To describe, within a square of 4-in. side, 
four eqnakcircles, each circle touching twe sidas of the^square 
and two other circles. . • 

Using the same means as employed in Exercise 30, deserve 
a square ABCD, fig. 26, of 4-in. aide, and on the. baae^-Afi. 
iJmn AC and BD; thbse diagonals intersect. .0, Ute ewtes 
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describe the constructional circle EFCIH, and through 0 draw 
the horia^fital and vertical centre lines KL and MN, cutting 
the circle EF(iH at H and F, and E and G respectively. 

Before proceeding farther, it should be noted that the 
bisectors AE and BE intersect at E, which is itself a point on 
the centrasUnc MN. If the student should find it otherwise, 
ids drawing js inaccurate in some respect, and stegs Should be 
taken 'to correct it. 

The points E, F, G, and H on the constructional circle an 



the centres of the four required circles, and EN, Ili, GM, and 
HK, being equal, give the niecessary radius. With each of 
these points in succession, describe cirries wit^ the radius 
indicated. If correctly drawny each circle wilLtbucll one side 
of the square and two other circles, a^d will theref^ fulfil 
the conditiogs stated in the exercise. 

Exxhohe 23.— To construct a regular qptagon within a 
square of 3-in. side. 

Draw a horizontal line AB, fig. 28, fully 3 in. long, and, 
uang methods similar to those discussed in Exercise 20, 
describe the square GDEF. Find the centre of the square 
dnwing the diagonals C£ sad DF, noticing diattdisgr 
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intereect at G. Each diagonal bisects the other, so that 
GC, GD, GE, and Gt’ are all equal. With, say, G^as radius, 
aid with points C, D, and F in succession as centres, 
describe arcs each of w^ich passes through the centre G, and 
each of which auts two adjacent sides of the square, the latter 
points being lettered H, J, K, L, M, N, 0, P. Joie up these 
points a4 inllicated, and obtain the octagon showq 

The regularity of the octagon may be checked by taMng the 
length of one side, say PH, on the dividers, and testing the 
length of each aide in succession. If carefully drawn, all the 

sides will be fyund equal. It 
will be evidJnt that the angle 
PCK is a right angle, and, 
since each of the ^gles CPK 
and CKHar^ equal, each will 
be 46°. The regularity of the 
octagon, as regards the^W 
of its angles, may thus be 
D checked by the aid of the 
set-square, which sbquld show 
that all the corresponding 
angles are 46°. 
ns !s The student should qpw bfi- 

able to state the siSe of the 
angles of the octagon, that is, of angles HPK, PKJ, &(? 

Exbrcisb 24.—To draw a regular octagon about a given 
ciiele of 2 in. diameter. 

With any suitable point 0 as centre, fig 29, and a tadiua of 
1 in. (equal to a diameter of 2 iA.) describe a circle. Use the 
T-sqiutre topbtain ifte sides AB%nd EF, drawing each tangmit 
to the Srcle. Draw next the vertical sides CD and GH, 
makings use of the 46 set-square, resting one of its edges im 
the T-square. Complete the octagon by turnii^g the 46 set- 
square, so thatsits long edge rests on the T-squarefand dtm 
in the sides BC and FG, and ihen DE and HA. 
i ’ The first four sides (the horizontal and the vertacal onea) 
should be drawn lightly, and a little longer than is absolutely 
'required. The four diagonal sides can be 4rawn in bokSy the 
length, after which the first four can he Iked in to 
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correspond. Atiy line, or part of line, not required, may then 
be removed. • 

* ExgrcSsk i!5.— To describe a regular hexagon about a 
circle of 3 in. diaiqeter. 

Draw a horizontid rantre line AI*, fig. 30. fully 3 in. long, 
and choq^ any point 0 near its centre. With 0 as centre, 



and a radius of in. (equal to 3 ia^diameter) describe a 
.circle. With A and D as centres, and the safhe e'adius, de¬ 
scribe arcs passing through the centre 0, and cutting the 
oirole at B^C, E, and F. The circurfference of th# circle is 
thus divided into six equal parts, i.e. the dbtances AF, FE,' 
ED, &c., are all equal. Join ^E and dt. The outer pdnte 
of the six radii OA, OB, 00, &c., are now equidistant; lines 
drawn at right angles to them at points A, 6, C, &c., wiU be 
tangents to the circle. These lines may be drawn in severd 
.mfs, one of which is indicated below. 
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The vertical sides 6H and ELL niay be drawn by the usual 
method with the 60 eet-squarc and the T-square. sThe other 
sides may be drawn at right angles to their resf>ective radii by 
placing the 60 set-square in the position indicated by the 
dotted lines, aijd then placing the long edge of the 45 set-' 
square against the long edge of the 60 set-square wjth one of 
the short e(kes of the 45 set-square, the left-hand one, coin¬ 
ciding with ctiO line OC. Move the 45 set-square, without 
moving the 60 set-square, iiintii the right-hand short edge 
of the 45 set-square coincides with the point C; now draw 
the side KM. Each of the remaining oblique^lines may be 
drawn in a similar manner, thus compleling^he hexagon. 

From point N draw the horizontal line NP. Check the 
angle LNP with’the smallest angle of the 60 set-Muare; the 
result should suggest to the student a simply ihethod of pro¬ 
ducing a regular hexagon. 

Hexagonal material being much in use for nuts, certaiii 
studs, &c., the student should note that the size of the 
hexagon is denoted by the distance AD, termed the widti 
acrm fiats-, while, in many cases, it is also important^to know 
the'dist^jace MN, termed the width aerm corners. 

Exercise 26.**—To construct an ellipse, given that t^e major 
azii is 4 in. and the minor axis ^ in. • «. 

Seto any point as centre and through it draw hBrizontal 
and vertical lines as indicated in 6g. 31. From this fcntre, 
and with a radius of 1 in. (half of 2 in., the ipinor axis), describe 
the smaller^ircle. With the same centre, and a radius of 2 in. 
(half of 4 in., the major axis), describe the larger circle. AB 
is thus the minor axis of 2 in., and CD the major axis of 4 in. 

The next step is 4o divide the circumference of the larger 
circle into any even number »l equal parts. A convenient 
number for the present purpose is 12, as this division may be 
readily obtained with the T-square and the 6g set-square. 
Place the short fidge„of the 60 set-square against thecT-squaie,, 
and drkw the (Limeter mark^'EF; reverse the 8et<sqaare,‘ 
ie. turn it over on to its other side, and draw the diimeter 
marked CH. Place the 60 set-square now with Hie long edge 
adjacnt to the right angle next the T-square, and draw 
(^|im|tn JKj^ reverse Hm setsqiure and draw Hw rEsaiattr 
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LM. The two ciivles are now divided into twelve equal parts 
as indicaM by the solid lines. A further twelve intermediate 
(Joints may be bbtained if desired by laying the 60 set-square on 
the T-square with the Iqpg edge adjacent to the right angle next 
to the blade of the T-square, and placing the long edge of the 



45 set-square next to. that of the 60 |Set-square. 'yii* will 
enable the gtudent to divide the circle as shown by the 
dotted radii, and thus obtain twenty-four points on the circum¬ 
ferences, which will enable a mAre accurate curve to be drawn. 

A, ^ C, and D, fig. 31, are four points of the ellipse, because 
these points we the extoemities oi the major and miner axes. 
Other e^t points may be obtained in the following manner; 
from point Q dn^ a peipocdioular to meet a heruontid fram 







88 TEXTILE MACHINE DRAWING 

point N. These lines meet at P, which is a point on the ellipsa 
In a similar way, fin# the points Q, B, S, T, V, X, lind Z. 

A fair oiu've can be obtained by drawing through the twelve 
points, and this would vield the required ellipse. It will be 
understood, of course, tkat a more accurate curve will result 
if the additional twelve dotted sets of lines are us^, and, in 
general, the\ 2 acefulno 8 s of the curve of the ellipse will im¬ 
prove as the number of divisions is increased. 


CHAPTER V 

I 

ORTHOGRAPHIC PROJECTION 

A point, as defined by geometry, has no dimensions, it 
merely has position; it cannot, therefore, actually be rgate- 
sented by drawing. In practice, however, the positions of 
points, or rather the dots that are used to represent them, 
mi\at have size, so that, when particular points in spy object 
have ttr be located, the exact centres of these dots really 
represent the ^ints required. • 

similarly, the geometrical definition of a line is that^t hat 
length and position only, and hence no breadth. Tlie actual 
lines of a drawdng must, obviously, have breadth; indeAd, the 
quality of the lines employed, as indicated by their breadth, 
and their wode of construction (full, dotted, chain-dotted, &c.), 
may be made to serve very useful purposes. This ^base is 
clearly shown in Chap. Ill, with reference to fig. 6. The 
interseotion^f two fines is a point, and, in many cases, centres 
in mechJhicid drawings are indicated by the crossing or intep- 
section^f two lines. ( 

A plane surface has two dimensions, length ^ud breadth; 
it may be represented quite clearly on a sheet of paper, since 
the surface of the paper is itseft a plane, and has length anii 
breadth. One view only, such as the square in fig. 27, the 
hexagmi in fig. 30, or the octagon in fig. 28, is sufihsient to 
represent completely the shape and dimensions of a plane 
•nitoe. 
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A solid has three dimensions, viz. length, breadth, and 
height; last dimension is also termtlR depth or thickness, 
^hile breadth in some cases is replaced by width. These three 
dimensions, in a meeht^ical drawing, luve to be represented 
by lines on a surface of paper having only two dimensions. 
It follows*that it is impossible to represent any solid fully and 
.vithout ambiguity by one view only, since thgjr onb view is 
solel/’capable of exhibiting two dimensions. T’erspective and 
isometric drawings are not considered to be true mechanical 
drawings, because they do not exhibit true dimensions. The 
above three d.^niensions may be length and breadth, or length 
and depth, or btfiadth and depth. Hence, at least two views 
■are necessary to represent any, solid, since^nly by drawing 
two views,can length, breadth, and depth be simultaneously 
sho-wn. 

In practice, certain types of solids are regularly represented 
h;' <pie view, but in such cases the remainder of the essential 
information is conveyed by words or written description rather 
lihan by the drawing itself. Fig. 6, for example, is an actual 
working .drawing of a cam shaft, and one view only, 4h»t 
which shows length and depth, is dsawn. The linea drawn 
inclose a "flat rectangular surface, but the sol«l nature of the 
■Aaft,«.e. the diameter of iiT is indicated by the dimension 
at M; tUh word diaqeter indicates that the shaft is circular in 
sectioif This method is commonly employed for all regular 
sections, e.g. circalar, square, rectangular, and for plain sWte, 
pins, studs, bars, and the like. 

In tlA great majority of drawings, two views at least are 
necessary; sometimes three*different views are essential to 
prevent ambiguity; in certatn complicalbd cases, four and 
even more views may be requirtd to render the details of con¬ 
struction more easily understood. 

When tw* or more views are necessary, they must be 
developed 'from each other by^ the method wf orthographic 
projection. To obtain a oleai* understanding, the student 
should provide himself with a sheet of paper, a pencil, and a 
rectangular box, or book, w some simihm simide solid. Fold 
Ae paper across the line XY, as indicated in fig. 32, and lay 
the pi^ XTQO flat on the drawing>board,^at the tame tiiM 
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setting up the part XYBA vertically. XYDO is thus a 
horizontal plane, and XYBA is a vertical plane ;Hhe inter¬ 
section of these two planes is invariably termed the XY linb 
in geometry, 

Now place the box, or similar object, in the position indi¬ 
cated. Take the pencil, and draw lines on the papar in close 



contact witt( the lower edges of the box, ie. KEEN on the 
horiztHitU plane. Repeat th» process on the vertical planp, 
along ^he back edge; of the box, KLMN; the common Rne 
£N will be formed by part of the crease XY. !^e away the 
box, ^ restore the original flat surface (tf Uie filler; the 
latter will then appear as in fig.' 33. KEEN is the ptojec^adn 
of His box on tlm horizonbd plan^ and is called tihe FLas; 
it exhibits the length and toeadth dimmirions of the box. 

. LKNM is the projeoHon of the box on’Hie vertical plane, and 
is %nMd an Buvaiioiij it exhibito the lei^ and depth. 
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dimensions of the front part of the box, and 'is therefore a 
front elevation. The wmplete figure LKEFNM thus shows 
the three^imensions (Pthe box, length, iSreadth, and depth, on 
%e plane surface ABDC, which, as its name implies, possesses 
only length and brShdth. ^ 

It is not usual to show the two projections'in one view; it 
is much more useful to show them separately. This may also 
.be done on a plain sheet of paper by supposii^ that, when the 



paper is doubled to obtain hbrisontal and vertical planes, the 
box does not rest directly on £ther of the planes, hut^that it is 
situated a certain distance froA each. Suppose, for example, 
the box is 3 in. long, 3 in. broad, and ) in. deep, anch that it 
is separated irom e^ of the planes by 1| in.; it would that 
appear as in fig. 34. A box sp placed enables Sne to illustrate, 
perhaps more clearly than that* in fig. 33, the actual process 
of projection. The outline of the box cannot now be drawn 
diret^y upon the horisontal and vertical planes, but must he 
fnfKtti across the int^ening space, i.e. the student draws on 
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each plane what he would see on such plane by imagining his 
eye to be placed aucoesBively in the same line as every point 
on the contour of the box or other article. 

These projectors, as they are called, are not always shown 
upon the drawings, but,|as preliminary e^tercises, the beginner 



C 

Fig, it 


0 V 

may fintf it useful to make them, removing them afterwudi 
wi^ the aid of rubber. The foiur projectors are indicated, 
in fig. 34, by the light lines ££„ FF^, NN„ and KK„ th« 
four points thQs projected ejni^ling the plan to 1>e 
The other projectors KKg, LL,, MMi, and NN, enable th( 
elevation to be drawn. 

Whto toe paper is restored to its original flat condition, tlu 
and elevation would appear as shown in fig. 3S, K,£,F]Nj 
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being tbe plan, and KjLiMjNj being the elevation. Since the 
box was placed in. away from each of the planes, tbe distance 
separatin^fhe two views in fig. 36 will be If in. + If in. = 2f in. 
* It has alre^y been pointed out that the object of- a 
mechanical drawing <is ^ exhM all the essential dimensions, 



ns.se 


and the shape of the object, without ambignii^; in nlbny cases 
this can be done by drawing two views, t A little consideration 
will show th^ in connection with fig. 34 a third view may be 
desirable, while in other somewhat similar cases it w(^ld be 
necessary. Fig. 36 undoubtedly represents the plan and ele¬ 
vation of a rectangular solid—say the box in fig. 34—but it 
might equally well be the plan and devation of a wedge-shafted 
al^t, or of some more irr^larly shaped object. To prevent 
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any oonfusioit, an e?ui tkvaiion, or two elevations, should be 
drawn. 

Consider again fig.^ 34, and suppose for a nyome^ that the 
bdx has been moved ^ in. to the right, so that the line MN 
occupies the position MjNj; now '■upfiose the line M.jN, 
(acttmlly the lino MN) of the Iwx to be stationary, and the 
whole box made to rotate through a right angle, with the face 
KEIFN remaining parallel to the horizontal plane; the end oi 



Hg. 86 

toe box wi’l ultimately take up the position indicated in dotted 
lines MgNgFgGj, and the points may be projected oi. to the 
vertical plane to obtain the end elevation MjNgFjGg shown 
stippled. 

If the'^rooess is conducted exactly as mentioned above, tbs 
front apd end elevatiduis would be separated by ^ in., but there 
is no reason why the end elevation should not be moved, say, 
2} in.,to the right of the front elevation, thus leaving all three 
views quite separate, as indicate in hg. 36. The cluin-dotteici 
lines in this view indicate a second method of obtaining the 
end elevation. By projecting lines from the fremt elevatioii 
the height or thickness ofthe end elevation may be obtained! 
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Next, tising point A aa centre, and AB as radius, swing round 
the arc BB^ with the same centre, and as radius, draw the 
asc CC,. fi]C,us the length of the end elevation, and these 
points BjCj enable Jhe end elevation to be completed. In 
practice, it is usual to rttaw the elevation of tjje right end at 
the left side, and the elevation of the left end at the right 
side; this Wtimes that the paper has been doubled.along a 
verticflj line, and 'the projections made as before. Note that 
the length of the object is shown In the front elevation and in 



the plan; the breSdth or width is shown in the plan and in the 
end elevation; while the height, depth or thicknesf, and the 
•breadth %r width are shown in the front and end elevations 
respectively. 

It has just been stated that {be front elevation 8ind|he plan 
of'the above rectangular box liight equally well have been 
those of a wedge, but in the case of a wedge all doubtsewould 
.be set at rest l|y showing the end elevation, which would appear 
aa.indicated on the right in fig. 311. 

The three views indicated in ii^. 36, and in fig. 37, are those 
that are most commonly used and considered necessary, but it 
.should always be kept in mind that the correct number of views 
tiPdmw is idle smallest number that will represent completely 

i»») 
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the delineation of the object on paper. In certain complicated 
objects, a plan and g, front elevation are always drawn, bnt 
besides these there may be two end elevations,*' and any 
number of sectiom or sectional drawing, , Sections are special 
views drawn tq exhibitcthe details orthe shape of the object 
across certain planes, i.e. other than the outer planes, and 
various methods of drawing them will be demonstrated in 
subsequent exaijiples. The introduction of sections fronz. com'- 



Draw a light horizontal lii 


plicated mechanism renders 
it unnecessary to introduce 
such particulars in the shape 
of dotted h'nes on the main 
drawings; the latter may, 
therefore, appear compara- 
•Y tively ojear. ‘ 

The actual drawing of 
the following progressive 
examples should give''the 
student a useful working 
knowledge of the making of 
simple plans, elevalions, and 
sections. , 

Exbroisb 27.—Dr|w tltf, 
plan and elevation of a cube 
of 2-in. side, resting on one 
of its face^ on the ground, 
BO that an the angles of 
to the XY line, 
le aXY, as in fig. 38. Use the 


45 set-square to cor^truct the scpiare shown at ABCD, making 
all the sides'2 in. long; thjs sqqare is the plan of the cube when 
the cube is placed in ^e position desorib^. 

Froiff each of the four comers, ABCD, and peroendicular to 


the line XY, sjt u]{ the projectors indicated; then from the 
XY lifle, which in this case represents the ground-line or level, 


measure up 2 in., Aj to A,, the height of the cube. Since the 


object is a cube, the top will be parallel to the base, and hence 


to the ground-line, so with the aid of the T-square rule in thj 
UneAtC.. Finally, line in the three visibU vertical lines. 
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noting that the projector from D roincidea with that from B, 
and that the “ B" line cannot therefor* be seen, and hence 
CSinnot beMnivin except to coincide with that from D. . 

Now measure down J in. from Aj, and through this point 
draw a line ST at 46°. Suppose thn* the coijier of the cube 


is to be c)jt off along this line ST, the line itself being really 
the elevation of ^ piano. Set down a projector from T, and 
find the corresponding line TjTj • 

on the plan. The stippled area Ip, 

ATjTj is the section on the line iK 

ST. , ♦ / \ 

Exercise 28»— Draw the / \ 

plan and elevation of a cone / \ 

standing vertically on its base / * \ 

of 3 in. (^aiActer, Jts perpen- / \ 

dicular height being 4 in. / ' \ 

Draw the line XY as in fig: / \ 

39, hnd fully in. below this y - / 

Ijne set along a short horizontal p C, ’ 

centre line EF. Choose any j - 

point 0 as centre on the latter 

line, and .with radius OA = J jX • \ 

si 3 m., = 14 in., draw th# E-J-1—1^ 

circle ABCD, which is the plan 0 1 yC 

of theecone. Prom A, O, and \ J 

C set up projeotqps ^ those from 
A and C out the ground-line at D 

A| andjCj. Measure up 4 in. ng. ss 

' from the ground-line on the 


• projector from the centre 0 ,»to get the dieight ^f the apex. 
nu, point is at 0,. Join A^j and 0,0i, and line in the 
triangle AjO,C,, which is now the elevation of the jone. 

Note that jhe circle in the plan is represented by a straight 
line in the elevation. When aiw part of (n o^ect is circular, 
the drcle should be made flrit on the drawing, if it is* at all 
possible, and the sizes projected from such circle on to the 
other views. This method saves time, as one measurement 
setting of the radius on the compasses) may serve for 
Uiree or more views. 
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Exbrcisb 29.—Draw the plan and elevation of a square 
pyramid standing upright on the ground-plane, one of the 
edges of the base making an angle of 60° with th4 lino Xlf; 
The base is 2 in. square, and the vertical height is 4 in. 

Draw a ligh^ horizun(ial line XY, see fig. 40, and below it 
construct the square ABCD, making the angle YEE = 60°. 
This may be done conveniently by the 60 set-square. Each 
side of the bast is, of course, 2 in., and since the objeet is it 

square pyramid, the position 
of the apex in the plan must 
1)6 at the intcijjiection of the 
diagonals. ,Draw therefore 
the^ diagonals AC and BD; 
these intersect at 0, which is 
the apex,on the plan view. 
The triangu'lar sides of the 
pyramid slope from the base 
to the apex, and these lidcs 
are indicated in the plan by 
drawing in the linos OA, OB, 
OC, and OD. 

To obtain the plevation, 
» set up the projectors AA,. 

BB„ CC„ DD„ a«d 00,. 
Measure up 4 in. fren the 
ground-line ,XY on the pro¬ 
jector 00, in order to obtain 
Fig. 40 the position of the apex. Join 

0,D,, 0,C,, and 0,B, as 
shown. Since 0,A^ is at the hack, i.e. hidden from the ob¬ 
server’s «yet' it is indicated by dotted line, whereas full 
lines are used for tl^e other three. 

It sfeuld be noted that the lengths of the lines in either 
plans or elevations do not alwap indicate the true lengths of 
the lines On tfe ollject that they represent. In fig. 39 the 
slant height of the cone is correctly represented by the length 
of the lines 0,A, or 0,C,, but in fig. 40 the slant height of the 
pyramid is not represented by any of the lines. The reason 
ip that in tlvi case of the ctme the lines 0,A, and 0,C, are 
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panillol to the vertical plane, whereas in the case of the square 
pyramid, not one of the corresponding lines 0,A,, 0,Bi, OjCj, 
gnd 0,D,$8 pi^ullel to the vertical plan?, but all more or less 
obliquely placed with regard to it. Occasionally it is nedes- 
sary to be able to ftidethc true dim^nsion^ and one method 
of doing So will bo exemplified in the followin|; exercise. 

Exekcihe 30.—Ah equilateral triangular prism, 1^-in. side 
and 4 in. long, rbsts with one of its rectengylar faces on the 



Fig. 41 


ground in such a position that its long edges male 30° with 
the XT line. Draw the plan and elevation. 

Draw the XY line, fig. 4\, and set off with the aid of the 
60 set-square the line AB so That angle TAB = 50°. Cut off 
CB = 4 in., and on it constt-uct the rectangle BCDE, CD 
being IJ in., since each short edge of tlfe prism is lj<n. long. 
Bisect CD m F and BE in G. Join FG, this line representing 
the ridge of the prism. BQ^pEG is nwv the compleje plan 
of the prism. 

Set up the projectors DD„ FF^, CC,, &c., as indicated. 
Once the points on the XY line are obtained it will be found 
impossible to proceed' further with the elevation, because the 
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true height of the elevation is not known. The height could, 
of course, be obtained by calculation (see TexlUe Mathematics, 
Part I, p. 26); it shdhld be obtained in this case b/^drawing.^ 

Produce FG to H, making GH greater than 'i in., and draw 
any line KL at right angles to FH, ;.6. ^rallel to BE, and 
about J in. from it. Ifi'aw the projectors BBj and EEj and 
join BjjEij. On BjEj construct an equilateral triangle BjE^Gj. 
The disthnce MG^ is the true height of the prism, and this 
dimension should therefore 1^ taken on the dividers. 

Set up the distance MGj from the ground-line XY, and 
complete the elevation. Measure the linos DjF], CjFj, dsc., 
to prove that they do not show the true dinrension of the 
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short sides of tllb prism, i.e. that they are shorter than in. 
At the same time, note that F,Gj does not measure the 
true length of the prism. In both cases the loss if due, as 
mention^ in connection with fig. 40, to the respectivf lines 
not being parallel to the respective planes. > 

ExKKCiari 31.—The free-hand sketch in fig. 42 gives pwv 
ticulars of front and end elevations of the lower slie'e of a. 
roving frame; make complete working drawings from the 
sketch. 

Before<commencing with any drawing the student should 
first lo^ to see if ti^ object is symmetrical about any line, 
real or imaginary. If it is, as is the case with,the shaft in 
ftg-6, this line (houhl be drawn first, and upon it the drawing 
should" be built, as it were. iSi 'fig. 42 there is no such linc( 
and it will probably be found most convenient in this and 
similar cases to block in the main outlines of each view, filling 
in the smaller details later. 
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Draw, therefore, the rectangle ABCD of the front elevation, 
fig. 43, looking in the direction of the arrow in fig. 42. The 
^tal length is in., as shown in IHb front elevation in 
fig. 42, while its depth is 2| in., indicated at the extreme 
right of the end ele^ati^n in the same figure. If AB, fig. 43, 
is drawn first, it should be made somlwhat longer than neces¬ 
sary, and4he required length, in., marked off with the aid 
of a rule. In the same way, AD and BC should'be made 
rathOT longer than 2| in., and tl^e correct def th then marked 
off. This method may be made a general practice, as it is 



to leiTgthen the line at a subsequent stage; it is difficult to 
get the additional .length of the same quality and thickness, 
and in the same straight line, as the original line. 

. No^draw the outline of Ae end elevation, its total depth 
being projected from the frflnt elevation, while the lemainder 
of the dimensions are obtained from the sketch in fig. 42. 
The thickness EK, fig. 43, may now be projected* from the 
end elevation to the front elevation, a* shown by tljj dotted 
line LM; the line is dotted because the edge which it repre¬ 
sents must evidently be at the back of the sli^e, and therefore 
not visible in the front elevaWn when viewed as indicated by 
the arrow in fig. 42. 

Next draw in the outline of the plan, NPQB, the length 
4>eing obtained by projecting down from the front elevation, 
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while the depth PQ is got from the width EF in the end 
elevation. Take GU on the dividers, and set this dimension 
up from Q, i.e. the ftidth GIT is represented on t\)e plan b/ 
the depth QT. The line ST is then drawn dotted. At this 
stage the drawing will ap])ear as (vt lig. 43, and it now 
evidently repr^feents a*'piece of angle-steel of the section 
shown in the end elevation 2^^^ ia X in. X | (n., and of 
the lenglh shoyn in plan and front elevation, vis. 9|^ in. . 

Measure § in. from A, and set down the short dottM line 
TJV shown in fig. 44; by similar methods draw the short full 
line XV 1| in. from the left of the end elevation. Set down 
a projector from UV through the plan. Now, the end eleva¬ 
tion being wholly composed of full lines, 'shows the shape 
of the left-hand f end of the •plan and front elevation. FG 
is the front of the slide, as is also EQ. Take tbs distance FY 
on the dkiders, and set it up on the J)la£i at RZ. Draw 
a horizontal line from Z until it meets the projector from UV; 
the line is horizontal because horizontal dimensions in> the 
end elevation become vertical dimensions in the plan. Evi¬ 
dently the small comer NIJZ is cut out, and this may bh 
prov^ by assuming the plan to be correct, and testing the 
correctmss of tjie two'elevations. 

ITo complete the three views, it remains only to* add the 
holes indicated in fig. 42 to the front elevation, and to ^jedit 
them into the end elevation and plan as shown in fig. 4j;. 

The last step is to remove all the projectors and other 
unnecessary lines, and add the various dinlCnMons. Although 
not absoliflely necessary, it will be instructive to draw a 
section on the plane AA (plan view, fig. 44). Set alShg the 
projectors indicated, and obtain !he required widths from the 
end elevation. Neilt find the centre line of the hole through 
which thS section AA passes, After which the bole itself may 
be drawn in. The afrows at AA, fig. 44, indicate the direc¬ 
tion in which the section is viewed, so that thf only dotted 
lines to be insertetT are those for the small dowel-pin hole- 
Use a 45 set-square to draw in the “section” lines shown in 
the bottom rigWhand corner of fig. 45, and the view is com¬ 
plete. 

Fig. 46 shows the complete working drawing of the slidh 
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from the sketch, fig. 42, with all the unnecessary lines re¬ 
moved and completely dimensioned. No hard-and-fast rules 
^n be lai^ down in regard to the diraedbioning of drawings. 
Generally speaking, the dimensions should appear in the most 
likely places, the stflde*t’s knowledge of which will develop 
along with his knowledge of the reqifirements^of the method 
of manufaature. It should be laid down that, wherever pos¬ 
sible, the dimensions should bo written so that they* may be 
road mther from the bottom or the right-hand side. 
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Fig. 46 


The student should also make a practice of putting a title 
to his drawing along with the scale, date, and his initials, all 
as shown in fig. 46. 

It is a general and good practice to c:«ss-hatch or section- 
line any part of a drawing that does not show ait outside 
suHace, and advantage is usually taken to indicate, Jby dif¬ 
ferent types (*)f section-lining, the nature of the material or 
materials shown in the cross-section. Inielabfirate drawings, 
colours are used as distinguishing mediums. 

The nature of these section-lines is conventional, and any 
required meaning may be attached to them; those shown in 
fig. 46 are, perhaps, most common. 
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n 

FASTENINGS: BOLTS, SCREWS, RIVETS; AND KEYS ' 

In textile nvtchineryr as in all othtir types, the component 
parts of a particular machine have to be fastened together 
in ways, which are dictated by circnmsbinces; the most 
common modes' are by bolts and nuts, set-screws, rivet?, and 
keya In the drawing of simple mechanical parts, the actual 
method of fastening is seldom shown; nevertheless, in a great 
number of cases, the shape of a part has to be modified to suit 





I'lg.47 


a particul&r kind of fastening. Thus, in fig. 6, provision is 
m^e at G and H for two keys; again, in fig. 45, holes are 
provided for set-screws—sometimes called pinching-screws— 
and for doyfel- or ^jteady-pins.' It will be useful, therefore, 
to take ftp at this stage the vSosi common methods of fasten¬ 
ing pa;;(s together. * 

Bolt and Nul. — Possibly the most common method of 
fastening partsetogsther is by^bflt and nut, one of the prind- 
pal features of which is the ease with which parts bolt^ 
together may be separated when required. Bolts and nuts 
may be of many difiTerent shapes, such shapes being fixed by 
economic and other circumstances. Unless in exceptional 
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cases, nnts are either square or hexagonal, but greater variety 
obtains in the sbajjes of the hejids of bolt^ Perhaps the most 
^mmon ferm is that shown in fig. 47, which illustrates tjio 
well-known hexagoq-hoadod bolt and hexagonal nut. The 
proportions of these bolft are now stajdardizo4 as is the form 
of the screw thread used, and a table showing the various 
proportiotik is given on p. 69. , 

• Fig, 47 is a more or loss conventional fon» much used for 
drawing purposes, and the proportions, while not being strictly 
accurate, are sufficiently correct for most purposes. 

Exercise 32.—With the aid of the data given in fig. 47, 



'lilake % ^rawing, full size, o^ a hexagon-headed bolt, 1 in. 
diame^r x 6 in. long, noting that length is measured from 
the inside of the head to the extreme end of the holt. 

No difficulty Ihctuld be experienced in making the above 
drawing, but it may be worth while pointing out^e various 
methouB of drawing the threads of bolts and screws. 

Fig. 48 shows the standard Whitworth thread a^ used in 
this country, with the proportions and names of its various 
parts. Since too much time ^ould be occupied in making a 
proper drawing of every bolt or screw 1-equired, conventional 
methods are^mployed which imitate, more or less closely, the 
profile of the thread Thus, ^ite illuBtraC!onB%t A, B, jind C, 
fig. 49, show three methods of imitating the screw thread. 
The sketch at A shows the quickest method, and, although it 
may be a rather poor imitation of a thread, it is, nevertheless, 
ttmch used, chiefly because of the ease with which it may be 
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dravrn, generally freehand, and because it is sufficiently dis¬ 
tinctive. , 

.The drawing at B is a development of that'at Af and givA"^ 
a very approximately true representation of the thread. It 
should only Ivi used jvhere a first-class representation is 
essential ^ 

The last drawing, C, shows a form which is much used, but 
it is not nearlygood an imitation of the thread as B, "while 
it takes more time to make it than to make A; hence, taking 
all things into consideration, the form at A is to be preferred 
for all general purposes. 

Exercise 33.—Make full-size views of a Whitworth thread, 



ABC 

Fig. <9 


then pitch of the thread being 1 in. and the proportions as 
indicated in fig>.48. 

•Exercise 34.—Draw a l-in.-ibameter bolt, the screw threap 
having a pitch of | in.; show the three conventionalimethods 
of representing the screw, similar to fig. 49. 

The following table shows the proportions of standard bolts 
and nuts, ^m { in. up to 2 in. diameter, this being about the 
range regularly used in textile work, although larger l^^ts, up 
to 6 in. diameter have also been standardized. 

All dimensions giyen are in inphes and fractions of an inch. 

Fig. shows another common form of bolt, known as a 
cup- or snap-head bolt ; the figure also indicates the usual pro¬ 
portions of such bolts. The bolt differs from that ki fig. 47 in 
two important particulars. The head of the bolt in fig. 60 is 
spherical in sha^, al' compared' with the hexagon-shap^ head 
in fig. 47, while the neck of the former is square as compared 
with the round neck of the latter. The function of the square 
neidc in fig 60 is to prevent the bolt from turning round in the 
lioie when the nut is being screwed up, the hole naturally 
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being made square to .correspond, or else rectangular to tdlow 
bf adjustment As square and rectangular holes are more 
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difficult to machine than, round holes, such bolts are only used 
when the rectangular holes are cored out, i.e. foiiued in the 
casting process. „ 

‘Exreoise 35. —Use the proportions given in fig 60, obtain 
all farther information from the table'on p. 59, and draw the 
front and end elevations of a cup-headed bolt £ in. diameter 
X 5 in. long. 

A third useM form of bolt is that shown in fig. 6J, its 
distinguishing feature being the square head. Common pro¬ 
portions are indicate<l in the figure, and these may be used 
as the basis of a further exercise. 



Hg.M 


Exercise 36.—Using the proportions given in fig. 61, and 
obtaining all other necessary particulars from the stuidard- 
table on p. 59, draw front and end elevations of a square¬ 
headed bolt, 1^ in. diameter x 8 in. long. 

Many other forms of holt will be found <in practice, but the 
above three are probably the most important. It may be 
pointed out that .bolts such as those illustrated in figs.'i7, 60, 
and 51 nay be briefly described iis under: 

Fig. ^7.—Bolt—Ilex. Rd. Hex., 1 in. diameter x 8 in. long. 

Fig. 60.— „ Cpp. Sq. Hex., } in. „ x 6 in. „ .' 

Fig.'^Sl.— „ 8q. Rd. Hex., 1^in. „ x Sin. „ 

In tjie above' desdHptive phrases, e.g. Hex< Rd. Hex.; the 
first abbreviated word stands for' the head of the bolt, the 
second for the neck, and the third for the nut; the method is 
perfectly general. 

- Nuts are usually of form shewn in Figs. 47, 60; and 61,' 
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but square nuts are occasionally used, in whicti case their 
dimensions are similai- to the square-headed holt. The thick- 
“^less of nuts, urless for special cases, equals the diameter of the 
bolt. 

Where any part of a (hachine or thf like is subject to shock 
or vibration, additional nuts are put on the bolt for the sake 
of security. Such nuts arc known as “lock-nuts” or “jamb- 
nuts£. They are similar to ordinary nuts in ali respects except 
that they are not so thick; the usual thickness is two-thirds 
of that of the ordinary nut. 

Where the bolts have to bo screwed up against surfaces 
which are not m^hined, it is a regular practice to make use of 
washera These useful articles are usually plain circular rings, 
but some are made with a bevelled edge. The usual propor¬ 
tions of w^ashVrs ar^; outside diameter = bofj^ diameter, 
and thickness = bolt diameter, but practice is irregidar. 

Screws .—As in the case of bolts, screws are of many and 
varidd forms, and fig. 52 shows the leading features and pro- 
^rtions of six of the most largely used kinds. Holts are 
generally employed in the fixing together of the gables, rails, 
and heav^ brackets of a machine, whqreas screws are useef to 
hbld all the smaller and lighter parts in position; t£e chief 
difference in their applicatio% is that in place of using's 
hut w!ihi a bolt, holes must lie tapped in the part to receive 
the thread of the screw. Another point of difference, although 
this is not unive^rsal, is that the thread of a screw generally 
extends up to the h^. 0 

In fig. 62, A represents the most common form; it is a 
hexagon-headed screw, and is made in all dimensi^s from 
I in. diameter upwards. The.8Crew at B ^ the sq^uare-headed 
type, and is made in all sizes f^m | in. diameter downwards. 
Illustration C shows the countersunk-head form; this is used 
only where there is no room for a head to project al^ve the 
surface. It IS screwed home with the aid,pf a screw-driver in 
place of a spanner, which is for types A and B.* The 
examples exhibited at D and E are cup- or round-head and 
cheese-head oat fillister respectively, and are screwed up with 
a screw-driver; such screws are usually of small dimensions as 
repeated use of the screw-driver tends to spoil ^he shape of 

CSSS) 





FASTENINGS 


6S 


the slot in the head. The drawing at F shows one form of 
what is termed a griib-sci'ew, this particular variety being 
*1011011 useS in collars and similar objects, and having >a 
hardened hollow point.^ It is screwed home by inserting 
a square key in the square hole provided foj the purpose. 

Exercise 37.—Using the dimensions given in fig. 52, draw 
two views of each kind of screw illustrated to the following 
feailing dimensions;— • 

A: § in. diam. x 4 in. long, length measured from inside 

of head. 

B: I „ X 3 „ length measured from inside 

• of head. 

C: /j „ X IJ „ • length me^ured over all. 

D: It «„ X 1 „ length measured from inside 

. • of head. c 

K: i „ X I „ length measured from inside 
a of head. 

F: J „ X I „ length measured over all. 



Fig. a 


Fig. 53 shows the method of representing a l^le tapped to 
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receive a screw; A is a sectional elevation, B an outside eleva¬ 
tion, and C a plan. , 

. Exkroisk 38.—Draw three views of a hole tipped to receive" 
a screw | in. diam. x in. deep, with | in. clearance for the 
tap; make tha. angle t(, the point of the drill approximately 
120°, and the views similar to those shown in lig. 53. 

Smt$i —When two or more parts are to be rigidly fixed 
together, therevbeing no necessity for their ever being-Ijikeh 
apart, or where absolute rigidity is essential, rivets are usually 
employed. 

Rivets are of many different forms, such forms depending 
upon the jjositions in which the rivets arc //O be placed, and 
fig. 54 illnstrotes four of the principal kinds; the proportions 
mentioned on ttte drawings are approximately correct, and 
sufiiciently so for all general drawing pprposek. * 

niustralion A shows what is known as th4 half-countersunk' 
or raised head, while that at B is the well-known cup- or snap- 
head. The drawing at C shows a pan-head rivet, with the 
riveted part shaped roughly like a cone by the hammer. The 
same form of rivet appears at D, but here the riveted part is 
hifinmered into a couijtersnnk hole, and the projecting part 
then dliipped faff, or filed Hush with the plate ,or frame. 
Simple pins are occasionally uiied as rivets, in which case bo^h 
ends are hammered into countersunk holes, or 3hf.ped into 
heads somewhat like A in fig. 64. 

Exercise 39.—Draw full-size views of thj various forms of 
rivets sh^n in fig. 54, making A 1 in. diameter; and B | in. 
diameter; C f in. diameter; and D J in. diameter, each 
case, cajculate the dimensions net given to the nearest in.,* 
and assume reasonable thicknesses of plates. 

It might be mentioned th%t to form a head similar to that 
shown at A, the length of the rivet should project from tie 
’ holeaUbutldiameter,forB, l^diameters; forC,l^diameters; 
and for D, | diameter. 

.feys.—Where two parts, sheh as a gear-wheel mounted on 
a shaft, have to be fixed so as to prevent one from rotating 
round the other, some form of key is, in general, used. Keys, 
like all other means of fastening, may assume many different 
.fonns, but t^e principal types are four in number, and each is 
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represented in fig. 55. In this figure, A is a sectional view of 
a key variously known as a hollow, sac^le, or friction key. 
’ll is slightly tapered in its length, say about J in. per foot, 
and holds by friction; it is used only for comparatively light 
drives. Pulleys or rigjers for driviijg machines are almost 
invariably,fixed to line shafts by such keys, which possess the 



advantage of being readily adjusted along the shaft, beaiuse 
no key-seat or key-bed is reqitii^d. 

lllustratimi B shows another common form known as a flat 
key; it is fitted into a key-way in the wheel, and rests on 
a flat filed or milled on the shaft. It is a stronger form than 
A, and possesses the advanta^ of being compa^tively easily 
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Sited, hut it is not such a satislactffrj lorin as that shown at 
C; the latter represents a sunk key. IVheii absolute rigidity 
is required, this form is always used, and the bey i» fitted intd' 
a key-bed milled in the shaft. 

In certain cases, sucl^as in clutchel, the wheel or other part 
must not only be made to rotate with the shaft, but must 
also be free to move along the shaft In such a case, feather 
keys, generallyr-square in section, as shown at D, fig. 56, arb 
used, and are screwed or otherwise fixed to the shaft or to 
the cliitoh. 

Illustrations £ and £ show plans and elevations of the two 
commonest forms of key; £ is a plain key„while F is a gib¬ 
headed key, and the latter is used where difficulty is found in 
getting at the pdhit of the key in order to effect its removal. 

Keys, yko bolts and nuts, &c., are t)ow co'mp'letely stan¬ 
dardized, but common proportions are indicated in fig. 66,' 
while the table below gives a suggested range of keys suitable 
for most classes of textile work. ‘ 
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-All dimei^ons are given in inches and fractions of an inch.. 
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For intermediate diameters use the key given for the next 
larger diameter. The taper is { in. per foot, i.e. 1 in 96. 
The dimensions given are measured at the l^rge end of the' 
key. To transmit the full power of the shaft, a condition that 
has not often 1^ be fulhiled in textile work, the length of the 
key should not be loss tiian 1J times the diameter of the shaft. 

ExERgiSE 40.— With the information given in fig. '55, and in 
the table, draw {^an, and front and end elevations of a plaio key 
5 in. long and suitable for a 2-in.-diameter shaft Also draw 
a gib-hemied key, 6 in. long, suitable for a 3-in.-diameter shaft. 

Exercise 41.- -Draw sections of the four forms of key 
shown in fig. 55, suitable for a 6-in.-diameter shaft. 


CHAPTER VII . 

SKETCHING AND DRAWING OF DETAILS 

Proficiency in the sketching of machine details can only be 
obtained by practice, but the following remarks and exeroisek 
maj' be of benefit to the untrained student v 

Freehtnd sketches of 'parts of machines may be made, either 
complete in themselves or pre^ratory to the makihg of full 
working drawings. In the former case the sketches^^rihist be 
made to represent as closely as possible a finished working 
drawing, practically the only difference being the unavoidable 
variation ,in the truth and quality of the vkrio'lis lines. In the 
latter case, some experience is needed in order to pick out the 
most characteristic views, that ,is, the views that wfii' most < 
readily kchibit the details of form, and, consequently, the 
various dimensions. In regard io rough sketches of this kind, 
it will he understood that marginal and other notes, as well als 
,brief wiitten descriptions, are permissible. 

In choosing suitable views, regard should bef 'paid to the 
final qr workirtg pofiition of the. part in the machine, so that. 
such part may appear in the drawing just as it appears in the 
machine. Views of parts which are not usually seen should 
only be drawn for pi^culai and definite reasons. Again, as 
nteviouslv nointed out. in the case eS narts made {rtnn faaV 
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metal—plain pine, studs, shafts, &«.—one view only is neces¬ 
sary, as the word “diameter ”, or some other suitable word or 
words, i()^icating the section, may be*UBed along with the 
appropriate dimensions. ’ 

The dimensioning ot a drawing appears at first sight a 
rather simple operation, but the pfoper dimensioning of a 
drawing is just as important as the proper size and position 
■of the lines which form it. The student would do well to 
acquire the habit of questioning the usefulness of each dimen¬ 
sion he is prompted to put upon paper. If the size can be 
done without, or if one size can be made to take the place of 
two, or if the sum of two or more sizes is more important than 
its individual ceJmpouents, appropriate steps should at once be 
taken to record the most usefifi. 

In dinKnsioning parts which arc long in comparison with 
their other dimensibns, care should l)e taken, whefi measuring 
up individual dimensions, to see that their sum coincides with 
the overall dimension. This overall dimension should be 
placed immediately below the line of individual sizes, as shown 
^in the example in fig. 59. In certain cases it is necessary to 
choose some line, either on the object or outside the dr^ng 
altogether, as a datum line, to whiclFall the^mportaj^t dimen¬ 
sions mdy be referred, see fig. 76. 

' * It^^ould be remembered'that a knowledge of the actual 
manufacture of a part is the best guide to its proper dimen¬ 
sioning. In the case of certain parts, such as castings, indi¬ 
vidual details Wy pass through all or any of the hands of a 
patternmaker, planer, shaper, turner, fitter, &c., e4Sh of whom 
usas'^nly particular grou^ of sizes. Certain sizes are, of 
course, used by everybody concerned, but certain other sizes 
we of no use except to a‘particular dtass of workmen. In 
'the case of these latter sizes, V> far as it is possibly each class 
of sizes shoiUd be kept distinct from the othersa e.g. the 
fitter’s sizel should be kept apart from the turner's sizes, either 
by putting them on different views, er bjs putting^ one set 
above, and another set below, a parrioular view. It is recog¬ 
nised that, in many cases, this is a difficult thing to do, but, 
if the prim^le is kqpt in mind, the resulto will be of benefit 
* to all who have occasion to use ^e drawings. 
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The remainder of this section is devoted to providing the 
students with examples of sketches and working drawings. 
Whenever possible, However, the student should endeavour to- 
secure actual parts, and make from them the sketches and 
drawings requii^. For this part of his work it would be wise 
to bo provided with a j^ir of 4-in. outside callipers, a corre¬ 
sponding pair of inside callipers, and a small pocket Square, as 
well as a 12-in^ steel straight-edge. A piumb-line is,also 
useful if a stable vertical datum line is difficult to introduce. 

Hatchet-retaining Pawl—Fig. 56 is a dimensioned sketch 
giving two elovational views of a certain type of retaining 
pawl for the ratchet-wheel in the positive uptake (take-up) 
motion of a loom. The catch or pawl is pivoteil or fulcrumm^ 
on a stud which passes through the hole in boss A; the stud 
is fixed to the end gable or frame of the loom. ' The point B 
is shaped to fit in between the teeth of the ratchet-wheel, 
while a handle C is provided to enable the operator to disen¬ 
gage at will the point B from the teeth of the ratchet. < ' 

Exercise 42.— From the dimensioned sketch given in 
fig. 66, make complete working drawings of the ratchet-re-‘ 
taiu^ng pawl, front and end elevations and plan. < 

Fossil^ the Ijjfst diffitulty that will confront the beginner 
is 4he spacing of the three views required according to the 
size of the paper at his disposal To help him in th^llt is a 
good plan to construct block outlines of each view, such block 
outline being simply the smallest rectangle that will completely 
enclose the view. A brief inspection of thh fibnt elevation in 
fig. 66 wih show that it could be enclosed in a rectangle 
6 in. -FI in. = 6| in. wide, and in. 3 J in. 3 Jin. = tOj in. 

high. Bimilarly, the end elevation could be enclosed in a 
rectangle 2^ in. wide and 104 m. high. The plan, usually 
drawn bebw the front olevatiim, will thus be 6} in. wide by 
in. jtigh. It now becomes a comparatively easy matter 
ascertain just how much space wUl be occu{iied by the 
actual drawings)- and how mueh.can be conveniently left to 
maintam proper spacing of the various viewa 
When ^e desir^ spacing has been fixed, the actual drawing 
can be commenced by putting in the horizontal and vertical 
centre lines which pass through the hole on which the pawl' 
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is fnlcrummed. The student should work round these two 
centra lines as far as ])Ossjlile, and attempt to complete the 
two elev%!tion^ * 

It will be found impossible to complete these views until 





cal line, and cross it by a second horizontal centre line upqp 
which the ^lan should be built. The drawing of the plan will 
enable such lines as that at % 57, t(f be dtawn th% correct 
length, and thereafter the three views may be completed, 
each by reference to the two others, to see that all are in 
agreement. 

The lines in a drawing really represent the boundaries or 



Fig. 57 


line can be drawn to indicate this condition, since there is 
neither a boundary nor an intersection to be represented. 
Cases o{ this occur at F and 6 in fig. 57, and the method ci 
fep^nting &e surfaces is indicated at F, and the exact 
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length of the line being obtained by projection, and the actual 
merging of the surfaces lieing indicated by the little tapering 
curves at. the pxti-emities of the lines, * 

Lines which are inclined to the main centre lines are some¬ 
times difficult to lociitK and dimension; the example worked 
out in fig'. r»7 shows three common Wthods of locating such 
lines. The side H of the handle lies at a different slope from 
the«other side, which is tangential to the l^s. If the side 
1 were continued, however, it would cut the horizontal centre 
ine at a point | in. from the vertical centre line, and the 
ocation of this point enables the side to be drawn in at the 
iroper slope. Jben the handle C tapers from 1 in. diameter 
io I in. diameter, the latter or smaller dimension being given 
IS J in. from the bottom. Nb lino would*actually appear on 
;he handle At this part, and the dimension line at L is con- 
duued as a locating line to M, so that there may I)S no dubiety 
IS to the position of the smallest diameter. Again, the surface 
K Is tangential to the boss, and if continued would meet a 
perpendicular from E 1 in. almve E. This fact is shown at P, 
ind the drawing of the chain-<lotted line will enable the line 
indicatirtg surface K to be correctly drawn. 

In the actual measuring of parts,* it is n»t alwaj^ an easy 
matter to obtain the correct^dimensions of radii. Papes or 
jardri&nd templates may be made to fit, after which the con¬ 
struction shown in Exercise 14 may be used to find the radius. 
In this connection, gauges of common radii can be made from 
thin sheet-metal and stamped with their sizes, anj^it is some¬ 
time useful to remember that a halfpenny is 1 in. diameter, 
and can thus be fitted to J-in. radius. 

Rough sketches, such as t^at illustrat^ in fig. 601 are often 
made in a hurry, with little ^thought of arrangfhg the dimen¬ 
sions to the best advantage, since this can best be ^one when 
the requisite views have been properly drawn in peoportiog. 
Fig. 66 shows one method of dimensioning the ratchet pawl 
under consideration, but it ie believed tMht tlfe metho|j shown 
in fig. 67 will be found more acceptable, as it bears out* as far 
as applicable, the principles stat^ at the beginning of this 
chapter. 

Shuith-bm Fnmf.—Fig. 58 gives three views of a shuttle- 
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box front as used in a heavy loom. It is screwed to the lay of 
the loom hy screws which pass through the slots A; the slots 
are used to allow of adjustment, and, as the name of the part 
implies, it servos as a front to the shuttle-box. The inner 
face, i.e. that agiiinst which the shuttSo bears, is made sloped, 
so that it prevents the shuttle from lifting, while the groove 
along thij same face prevents the weft yarn from being trapped 
between the shuttle and the box front; there is a correspond¬ 
ing groove in the front of the shuttle in line with the shuttle 
eye. The box front is made of malleable cast iron, the 
malleability being almost a necessity because of the incessant 
shock to which the part is subjected. At tbp same time, the 
fact that the part is of malleable cast iron permits the use of a 
comjiaratively ligh.. section. 

Exgkcisr 4.1.—Using the information given in'fig'. 5H, draw 
front elevafton, plan, and end section of the Shuttle-box front 
illustrated. 

In this example there are no outstanding centre lines Upon 
which the various views may be built. The part is undoubtedly 
symmetrical about a vertical centre line drawn through the 
front elevation or plan, but such a centre line would Ubt prove, 
very useful in the aetniil making of the drawing. Possibly 
the beat method would bo to jlraw the base line BC of the 
front elevation, and use it as the basis on which to ))uild up 
the front elevation. Draw in, therefore, as much as possible 
of the outline of Hie front elevation, and add the screw-slot 
patches ai^ the base. 

Since the drawing is very long in comparison wjth its 
breadth and depth, and since its central part shows no variation 
from its tegular section; it will ^ found economical, both in 
regard to tiilie and space, if the object is shown “ broken ”. 
This metlmd is perfectly generaf, and all long parts of regular 
action iLay be thus depicted. It is a good practice to draw 
the “breaks” to imitate in a rough kind of manner the actual 
shape of the section dirough wki^ the break occurs. Thiti is 
exemplified at D and E. 

wW the outline of the front elevation is drawn in, it will 
be found necessary to draw in the end section, assumed to be 
takpn across the plane FF. The section can be completed" 
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except for the dotted lines 
indicating the screw-slots. 
Thereafter, the plan 
should be drawn, all 
Kngths being obtained, 
as far as possible, by pro¬ 
jection from the front 
elevation, and all depths 
from the corresponding 
dimensions in the end 
section. 

At thjs stage the main 
outlines of each view will 
be practicidly complete, 
and each view siiould now 
be worked up as much 
as possible by comparison 
with the two others, Dntil 
^ finally all three are com- 

S plete and in agreement 

with each othei^ 

Fig. 58 represents a case 
where a sectiona'l ^iew is 
more useful than- an end 
elevation, but the student 
will find it instructive to 
add M end elevation, 
projected either frepn the 
front elevation or from 
the plan. 

Spinmtg-framt Spindle. 
—Kg. 69 shows a front 
elevation of a 4-in. throstle 
or flyer spinning-frame 
spindle, su<^ as is used in 
the filling of a 4 ia X 
in. or 4 in. X 2| in. bob- 
° bin. The flyer, which 

-puts the twist on the yarn, is screwed on to tbe threaded part 
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A, and centred on the conical or tapered part B; the thread 
of the screw is left-hand, i.e. opposed to Jihe normal direction, 
so that wjicn 4hc spindle revolves the flyer will not be un¬ 
screwed and thrown ofl'. As the yam is being wound on the 
bobbin, the latter is tri(bersed up an^ down Ae parallel por¬ 
tion C, most of which is omitted in the drawing. The spindle 
is driven by a flat tape, web, or list running on tho wharve, 
Vhewe, or whorl, D, which is forced tightljs on the spindle. 
The spindle is supported in the machine by a neck-brass 
shaped to fit the conical part £, and by a foot-step at the 
toe or point F. 

Exercise 44.-j-Using the information given in fig. 59, draw 
the front elevation of the Ain. spinning-frame spindle illus¬ 
trated. * ® 

This paft provides an example of drawing where one view 
only is necessai’J'; it will be noted that the solidity of the 
section is indicated by the word diameter, abbreviated to dia., 
afteFthe particular dimensions concerned. It also provides an 
example of a long object being “broken”, in this case into 
diree parts, so as to economise S[)ace and time; tho breaks 
|hown at^ and H,indicate the usual,conventional method of 
representing circular sections. The drawing fSrthcr illustrates 
an exwption to the general );plo stated almve, that a pilrt 
sfibuld^ drawn in its “ natural ” position, i.e. as it appears in 
the machine. In the spinning-frame the spindle stands verti¬ 
cally resting on jts ijoint or toe F; it was drawn in a horizontal 
position simply because it is more convenieni/ to drav straight 
lines ^urately with the aid of the T-square alone, than to 
•draw long vertical lines with- the aid of the T-squar^and set- 
square; it is illustrated vertically for cdnv^nience of page. 

For the sake of experience, ,the student should project an 
end elevation; he will find it merely a series of concentric 
circles, and will see that it is of little practical valdb. 

' As regards the dimensioning of the spindle, tho various sizes 
have been arranged accordiitg* to their relative impoiAance. 
The overall dimension at K is simply a check on the line pf 
sizes at L, these sizes being of first-class importance. The 
smaller lines of sizes at M, N, and P are of secondary impo^ 
tSmoe, and hence ore indicated as shown. 

$»») 
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There are two methods of dimensioning worth special 
mention, viz., those^at Q and B. In the former place the 
angle of the toe conld not very well bo written.,inside the 
drawing, since the space is too small, so the opposite angle is 
drawn and dim>snsioned as indicated,‘the method being based 
on Euclid I, 15, which {>roves the two angles concern^ to bo 
equal. In the ease at R, the given radius is very largo, and 
if the dimension line were drawn to the proper point, there 
would be a certain waste of space. Ko the upper ]uirt of the 
line is drawn towards the actual centre, but is stopped short 
and diverted into the centre line, the actual radius being 
marked. The whole device is easily read lOJ in. radius, 
struck from a point on the vertical centre line which passes 
through the middle part of th'e spindle whorl. 

Be^fork Boas. —Fig. 60 shows, in front and hnd elevation, 
the bo^ Si a belt fork such as is used on a card or similar 
heavy machine. The forks which actually control the belt are 
bolted to the projecting tongues A and B, and kept 'from 
swivelling on the single bolts by being fitted to the V-shaped 
projections at C. A cast-iron screw, with a specially shaped 
thi^, passes through ^the central hole p, this htle being 
swelled or eore^ out at E in the casting process in order to 
economize machining time. small pin, the upper end of 
which fits into the thread of the screw, is pusfaedtiSto t&e' 
small hole F, and is kept in position by a long guide-pin which 
passes through the hole Q; the main function of this guide- 
pin, as i^ name implies, is to guide tfie iork whilst it is 
traversing; it also serves to prevent the belt fork from rptoting 
round the central screw. The screw itself is turned by a'hand- 
wheel, ahd as it is j^volved, thp belt fork, and consequently 
the belt, caif be moved from thf fast pulley to the loose pulley, 
and vice versa. The advantage of using a screw is that the 
trunnin^ belt cannot itself move the fork, hence all risk of 
injury to the operative, or damage to the machine or material, 
due to the accSdenthl stoppage er starting of the machine, is 
obviated. 

‘Exkroibe 46.—^Use the information given in fig. 60, and 
draw front and end elevations of the -belt-fork hw. 

It will be found best to draw the end elevalaon first and to 
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pi-oject all hoiglitB and horizontal centres from it to the front 
elevation. These two views are all that are absolutely 
necessary, but^the student will find it instructive to make the 
following further views of the boss;— 

Kxkroise 46.- -Makt a plan view project^ from the front 
elevation. • 



Exercise 47.—Draw a section tlg«ugh the fron# elevation 
on the horizontal centre lina ’ • 

hiXEROiBB 48.—Draw a s^tion through the entf elevation 
on the vertical centre line. • 

A featuft worthy of some slight attention is the dimen¬ 
sioning of the boss H, fig. ,6C. Neithef of the two -jiews in 
this figure exhibits what might be regarded as its characteristic 
shape j its true shape, however, is indicated by the dimension 
at K, viz. II in. rad. This illustrates, in some degree, the 
•importance of mmmg a dimension wherever possible; in fact, 
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it may be laid down as a general mle that) if a dimension is a 
radius, or a diameter, or a square, &c., the fact should be 
stated on the particular dimension. Thus, in %. 60b are found 
such dimensions as 4 in. dia., not merely 4 in., and {§ in. rad., 
not in. only.*- If this^practice is ndt carried out, ambiguity 
might arise in many cases, and another view be necessary in 
order tojemove any doubts. 

Another comm-)n practice, which has many reasons to oom-' 
mend it, is illustrated in iig. 60. If the figure is carefully 
examined, extremely few sharp corners will bo found. For 
one thing, it is difficult to get a perfectly sharp corner on a 
casting, and it is therefore usual to make, rounded edges. 
Another reason is that only in few cases are sharp comers 
actually necessary}' and then fhey are almost invariably ob¬ 
tained by machining. A third reason is that afl the parts of 
a machine have at some time or other to be Handled, and it is 
a good practice, therefore, to round off all unnecessary sharp 
corners so that the object may be as pleasant to handle,‘'and 
as pleasing to the eye, as possible. In the actual drawing^ 
there is no need to use compasses to obtain these little curves; 
it sufficient to run (hem in freehand rwhen linfng-in or, 
inking-iii. the fir^shed drawing. 

Where the radii are compyatively large, or wliere any 
special importance is attached, the dimension should m par¬ 
ticularly stated. In this connection, the student will probably 
have already seen that the geometrical constriction to obtain 
the centit; of a radius is not always necessary, and that the 
required centres may, after a little practice, be readily^ound 
by trial 

With Agard to thp Iffang-in oj inking-in of a finished pencil 
drawing, ^t frill be found best, to line-in circles first, arcs of 
circles next, and the straight lines last; the reason for this 
firocedufe is that it is much more conducive to good work to 
join up two circles or arcs by means of straight Tines than to 
join up stHiighf linel by meansf of arcs or circles. 

froiedor-rod Lever. —Fig. 61 gives f»ro elevations and a 
plan of one form of protector-r^ lever such as is used in 
a canvas loom. In fak reed looms there is a danger of the 
thqttle being trapped in the shed, and, to obviate the breakage 
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EUtd in turn the latter pushes back the part A, and causes the 
protector-rod to rotate through a small angle; sufficient move¬ 
ment is given to allo\# the projecting tongues to^rise jbove the 
buffers or frogs. Should the shuttle fail to enter the box in 
time, the lever ,A remains in its nortual position—to effect 
which springs arc generaHy used—the tongues strike the frogs, 
and through suitable connections between one of the buffers 
and the bmt forkg^the loom is instantly stoppeci. . 

Exercise 49.—llraw front and end elevations and plan of 
the protector-rod illustrated in fig. 61. 

It will be found best to take horizontal and vertical centre 
lines through the hole B, and use them as the basis on which to 
build the end elevation. This elevation shoulii be completed 
as far as possible, after which jfil three views may bo advan¬ 
tageously worked up together. The various twiste dr sets on 
this part redder it imperative to work carefifilydo the different 
horizontal and vertical centre lines shown, and all of these 
should be drawn in at an early stage. 

The particular lever shown is for the right-hand end of the 
loom—that end on the right hand when facing the lay or slay. 
It wj)! be obvious that a similar part will be required* for the 
opposite |nd, i.e.^ the left-hand end. The sole difference in' 
thottwo parts, so far as the drawing is concerned, is that the 
lever C, which is in. centre lo centre to the right^dl the' 
square boss D, would appear at a corresponding distance to 
the left of j:he boss D, and the plan would naturally be made 
to correspond. Cases similar to this occul vSry frequently 
in textile machinery, and it is found unnecessary to draw out 
both kinds; it is sufficient to distinguish between the*lwo 
pai’ts by {)roper designation. Commonly, such parts are 
spoken of as right hamJ and left'hand, but it will be found 
better to rfcme such parts as “Protector-rod Ijever—one hand 
—as dra|fn,” and “Protector-rod Lever—opposite hand to 
drawing". The terms right hand and left hand‘should be 
reserved exclusis’ely *for reference to the “ band ” of the 
machine. In general, the “hand” of a machine is determined 
by reference to the side on which the driving pulleys are 
placed when looking on the delivery side. Thus, in the case 
o{ a loom, the machine is termed right hand when the pulleys 
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are seen on the tight-hand side by an observer looking on the 
cloth roller or lay, or when the belt control or set-on handle is 
most conveniently operated by the right tand. 

Exercise 56.—For further experience the student should 
draw three views of a iever opposite hand to that shown in 
fig. Cl, after which the two drawings may Tte conveniently 
compared. Ho will see that they are exact mirror images 
•of each other, add will bo better able to iinderstancf why the 
second set of drawings need not, unless in*very exceptional 
circumstances, be drawn. 

Faller Reception Ijcver. —Fig. 62 illustrates, in front and 
end elevations, a faller reception lever or tappet, such as is 
used in spiral ot screw-gill drawing and roving machinery, for 
the purpose of lowering the bars or faller%from the upper to 
the lowei* slides. A small eccentric or cam operates directly 
on the surface A, Causing the whole lever to oscMlate about 
its horizontal centre line BC, and thus force the surface D 
to rise and fall rapidly. At its upper position surface D 
receives the dropping fallers from the upper slides and screws, 
•and in its downward movement lays them on the lower slides; 
the fallers are caught here and moved backward by the Ipwer 
Bcrewa 

ExeAcise 51.—Draw the two elevations of the fatler re^p- 
fion liver as illustrated in fig.*62. 

The drawing should be commenced by putting in the nuun 
horizontal centre line BC and the vertical centre line of the 
end elevation. * TBe student should then draw as much of the 
end elevation as possible, after which all the length^imensions 
of t^ front may be lightly drawn in, and this latter view com¬ 
pleted as far as possible by mojectiqfs from the endbelevation. 
Finally, the two partly finish^ views fhould he worked up 
'together until thy corrMponS in every detail, and%he dimen¬ 
sions added to complete the drawing in the usual wt^. 

These tf^o views only are necessary, as they edibit t& 
complete shape and all the .required dinsensiens, but for prac¬ 
tice a further drawing may be made. 

Exercise 62.—Project a plan from the front elevation of 
fig. 62, remembering .that all the plan lengths may be obtained 
'by direct projection from the front elevation, and that ajl 
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widths in the end elevation become depths or heights in the 
plaa 

The las^ drawing, fig. 62, is a further c:ftimple of parts being 
made right and loft hand, or one hand and opposite hand. Tn 
each he^ or carriage at the mitchine a pair qf such levers is 
required, one to act on each end of thofaller, and made exactly 
as shown in the drawing, and the other its mirror image, or, 
as it is commonly stated, opposite hand. ^ 

Under modern methods of mass production in engineering 
workshops, a drawing should show what parts are to be ma¬ 
chined in adtlition to showing the shape and dimensions. To 
attain this object comparatively elaborate systems have been 
introduced. Fig. 62 fulfils this requirement on a very elemen¬ 
tary scale as indicated by the *00168 made^nder the circular 
pai^ of Aie'front elevation, viz.: Black, Journal, and Bough 
Machined. That pftrt marked “black” is to be teft in the 
condition as received from the blacksmith; the part marked 
“ journal ” indicates it is to receive in the lathe the specially 
smooth finish required to reduce friction to a minimum; while 
Ihe part marked “rough machined ” is to be machined without 
any special considerations as to its exact size or finish. , 

' The example in fig. 62 is worth capful st^y as ro|ards the 
method bf dimensioning. The shapes indicated in the qpd 
elevatfoji lend themselves to liauy methods of dimensioning. 
That shown is good practice, as all dimensions, wherever pos¬ 
sible, are refen^ to the vertical and horizontal centre lines 
as datum lines.' 


CHAi^ER 

deawingS to scale 

In makirfg drawings of machine details it frequently occurs 
that the overall sizes are n)U^ greater ^han,the length and 
breadth of the paper avaikble. For instance, a sffinning- 
frame gable may be about 6 ft. wide and about 5 ft. high; 
again, the drawing-roller of a roving frame may be, say, 2J in. 
Ukmeter by 24 ft long. To draw such details in their proper 
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or full siise would obviously lead to large unwieldy drawing.’, 
if, indeed, paper could be obtained to accommodate them. To 
obviate these difficiiitieg, the device of drayviiigithe part 
exactly in proportion, but on a smaller scale, is adopterl. The 
basic idea is simple in the extreme—sdnie fraction of an inch, 
such as J in., J in., &c.,*i8 taken to represent 1 in., or, more 
correctly,,some part of a foot, such as 6 in. or !> in., &c., is 
taken to ropres^jnt 1 ft. In the cases mentioned, the ' 
finished drawings would represent the part almilutoly, except 
that they would be only one-half or one-quarter full size. 
This fact is no disadvant^e, as the proporUms or ratio#*of the 
parts remain constant. Drawings made in t^is way are said 
to be “drawn to scale”. The illustrations in this work may 
be regarded as drswings to schle; in nearly every instance 
they have been drawn full size or half size^ but all ire shown 
on a mueff smaller scale, having been reduced for repro¬ 
duction. 

The scales most commonly used are those which form sinlple 
and definite fractions of 1 ft.; these are 6 in. to 1 ft., or | full 
size; 3 in. to 1 ft., or ^ full size; in. to 1 ft., or ^ full size; 

J in^to 1 ft, or ^ full size; | in. to 1 ft, or,;\ full size; 1 in. , 
to 1 ft, qr full size; ^ in. to 1 ft, or full size; J in. to' 
Ifh, or size; and | in. ^ 1 ft, or ^ full size. Occa¬ 

sionally, for special purposes, such scales as 9 in. to ) fk, or 
J full size, and in. to 1 ft, or full size are used. Again, 
in exceptional cases, special scales, such as 21 im to 1 ft, have 
to be used^ The scale used should always “be marked on the 
drawing, either in the form of, say, “ 6 in. to 1 ft.”, or “^fuH 
size in the latter case | is termed the scale fraction, or the 
representative f ractio^ in very injportant drawings it is a good 
practice to mt&e a drawing of thq scale upon the drawing itself, 
so that an^ measurements which are not ms^ked on the draw¬ 
ing may bo taken off on a pair of dividers and referred to the 
scale. The reason for this procedure is that paper » liable to 
shrink, ^nd, shoi^d ittlo so, the«cale, if made on the drawing, 
will shrink in like proportion. Even when the drawing is 
made the same size as the object, the scale should be noted, 
either by using the term “ Full size ”, or in the form “ 12 in. to _ 
l>ft.” For verv small details, such as may be found in sewins 
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machinery, it is sometimes advantageous to draw the parts 
larger than their actual size; in this ciwo the scale would be 
noted by a Remark such as, for example, “•Twice full size”, or 
“ 24 in. to 1 ft.” 

Exekoisk 63.— To coifttnict a scale of ^ tc^ read feet and 
inches, and to be long enough to measth'e 5 ft. 

The representative, or sisale fraction, is ^Vi ®ig'dfying that 
1’2 ft> will be represented by 1 ft., or that 12 will be repre¬ 
sented by 1 in. If 1 in. thus represents a foot, 6 in. will 
represent 5 ft., and the scale must be at least 6 in. long. It 
will be seen presently that it will lie a distinct advant^o to 
make it at least 6 in. long. 

Draw a horizontal lino AB, fig. 63, 5 in. long, from left to 
right, and extend it by 1 in. frdta A to C, right to loft. The 
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line AB must be divided carefully into five equal parts, e^h 
t’in. long (it may be set out by tlte dividers by carefully 
setting thh points 1 in. apart, and then measuring th^ overq^l 
diStancS ^ a check). At the jlbiuts indicated, C, A, D, E, F, 
G, B, set up short vertical lines about j in. high. Complete 
the rectangle CBHK. Divide AC first of all into halves, then 
divide each half iifto two, making four equal parts in all. 
Next divide each of these quarters in three eqilal parts, 
•making 4 x 3 = 12 equal parts in all. Bach of the divisions 
AD, DE ... GB will represent 1 ft.,,and each of t^ twelve 
smaller divisions in CA will rSpresent 1 ifi". The scale will be 
completed by distinguishing tne inch marks as show*, and by 
adding the figure numbers, noting that the point A (jj) is the 
starting-poiift, and that the numbers are marked to right and 
to left of it. 

Now to use the scale: Suppose that a distance of 4 ff. 7 in. 
is to be transferred from the scale to the drawing; set owe 
point of the dinders to the mark indicated by 4 ft, and the 
other point to Ibe mark indicated by 7 in. The distance 
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between the two points will then be 4 ft. 7 in., as illustrated 
in the figure. In such a small scale fractions of an inch are 
obtained by estimatfon, but in larger scales the usupl fractions 
of an inch may also be drawn in. To gain further experience 
the student shquld also work out the following two exorcises. 

Exkroisb 64.—ConsHfuct a scale of to read feet and 
inches, correct to ^ in., and to be capable ok measuring a 
maximum distance of 3 ft. 

Exehoisk 55. — Construct a scale of 2| in. to 1 yd., the 
scale to show feet, and to embrace a maximum dimension 
of 4 yd. 

When the divisions on the scale or rale become very small, 
correct reading necomes difficult, 

A_n B a‘ad it is much more convenient 

to use what is terntodwi diagonal 
le scale. The 'principle of the dia¬ 
gonal scale depends on the pro¬ 
perties of similar triangleB,>'and 
may be demonstrated by the 
following simple example: Sup¬ 
pose it were^ desired to divide 
rig. f Ihe distance AB, fig. 64, into 

, three equal parts. On AB con¬ 

struct the rectangle ABCD, liiaking the depth BC afiy siise 
which can be conveniently divided up into three equal por¬ 
tions. Join the points AC by the diagonal line, and divide 
BC into three equal portions, BE, EF, and FC. Now draw 
EG and I'H parallel to the given line AB, cutting the dia¬ 
gonal AC at K and L respectively. ' 

The tir'angles ABC apd LFC are similar, therefore, since 
FC is ^ of cBC, LF is ^ of AB. Again, the triangles ABC 
and KEG are similar, so that since EC is | of BC, KE is § of 
AB. T^e three lines LF, KE, and AB are thus in the pro- 
'{mrtion of 1, 3, and 3. The principle may be further demon¬ 
strated by the fallowing practioaUezample:— 

Exkrcise 66 .—Construct a diagon^ scale to measure a 
maximum length of 4 in., and to be correct to of an 
incL 

On the horizontal line AB, fig. 66, construct the rectan^e 
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ABCD, 4 in. + 1 in. = 5 in. long, and 1 in. deep. Divide 
AD into ten equal parts, and through the various points draw 
parallels tq AB.as shown. Divide AE anfi DN into ten equal 
parts (10 X 10 = 100), and join up those points diagonally 
as shown. The scale is ^hen completed by adding the desired 
figure numbers. 

The scale ihay l)e used as follows: Snp)x>se a dimension of 
•4-66 in. is required. Set one point of the dividers to* the inch 
marked 4 on the base line CD, and the other on N; 4 in. will 
separate the points. Move the point on N to the mark 6 on 
ND; 4*6 in. now separates the points. Move the point on 
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the mark 6 up the diagonal, startit% from J5, until it meets 
the horizontal line which starts at 3 on the line t)A; Jhe 
jistariS^ between the divider .^ints will now be that required, 
viz. 4-63 in., or in. 

N.B.—The divider points will, of course, be kept in a line 
parallel to the ^)as5 line DC. ^ 

E^RCISG 67.—Construct a diagonal scale to Measure a 
maxmum of 3 in., and to read eighths and sixty-fourths of 
an inch. 

Drawings of details shourd always b6 made to as large a 
‘scale as possible;^small scales should only be use* when cir¬ 
cumstances compel The ordinary nile should bemused for 
such scales'as full or half-size, the sizes in the latter case bein^ 
halved mentally before they <ire transfarred,from the object 
to the drawing itself. When smaller scales, such as 9 in. to 
the foot, and less, have to be used, the student should provide 
himself with a proper drawing-scale, or set of scales. These 
‘scales are made in many materials, e.g. ivory, boxwood, cwd- 
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board, vulcanite, steel. The first is the best, but most expen¬ 
sive. Boxwood is most generally useful. Cardboard scales 
have the advanta^ of cheapness, but are easily damaged. 
Vulcanite scales are easily affected by changes of temperature, 
while steel scajes are good, but expensive, and liable to rust. 

Boxwood scales are made in various sections, four of which 
are illustrated in fig. G6. A is a good, though mot commonly 
used, form; B shows the double-beveUed typo, and C the so- 
called oval section, both of which arc much used. All the 
above three have four marked edges, upon each one of which 
two different scales are marked, reading from opposite ends. 
Thus, each shows eight different scales, usually 3 in. and IJ in.j 

I in. and | in.; 1 in. 

*"‘1 \ i in. 

and J m." The tri- 
ftiigular form shown 
at D, while not much 
used, possesses' the 
advant^e of having 
six faces upon which 
twelve scales may 
^ be marked. 

^Presnlning that the student will now have added h suitable 
scale, or a set of scales, to his'equipment, the followii% exer¬ 
cises may be worked out:— ' 

Treadle-lever.—Fig. 67 gives a front elevation and plan of a 
treadle-lever, jiart of the shedding mechanhnu 7n a power-loom 
for weavihg plain cloth. The treadle-lever is fulcrummed on 
a pin which passes through the hole A, the boss for which k 
provided ^th an oil-hc))e. The shedding wyper, which gives 
motion to th,p treadlt, acts upon'a small anti-friction roller oi 
bowl whifih rons in the plain “bearings indicated at B. The 
motion of the end of the treadle-lever is communicated to the 
ieaf or iamb by pins screwed in at C and D, Ohe pin only 
being used in gach ^readle of pair. 

Exbkcibe 58.—Draw front elevation and plan of the treadle- 
lexer shown in fig. 67, to a scale of 6 in. to I ft. 

The front elevation should be drawn in first, using the 
horizontal centre line £F. and the vertical centre lines nassinil 


Fig. C 
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through A, B, C, and D, 
upon which to build up 
the view. It will l)e found 
pomible to colnplete this 
view except for the rvbs 
indicated at G. The plan 
should thenabe di^wn, all 
lengths being obtained by 
projection, and the front 
elevation completed from 
the plan. As usual, care 
should be taken to see 
that each view ebrresponds 
exactly with the other. 
The longeldping lines may 
be drawn in oith%r with 
the aid of the T-square, 
or with the long edge of 
the 60 set-square. 

Exercise 59.— Draw a 
sectional view ^along the 
vertical centre line pass¬ 
ing through B, fig. 67. 
^ThiP view is not abso¬ 
lutely’necessary, but it is 
instructive.) 

It is impoiTanS to pro¬ 
vide oil-holes in such posi- 
tioffk as that indicated in 
boss A, which is an im¬ 
portant bearing surface, 
inasmuch as treadle-levers 
are practically in constant 
motion. ®A small hole, 
^ in. dia., is first drilled 
and then countersunk 
with the aid of a .larger 
drill, in order to fadlitate 



the insertion of the spout of the oil-can. In dimensionipg 


Fig- 67 
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tapped holes, such as are indicated at C and D, it is sufficient 
to mark the diameter and the kind of thread to be used. 
The word diameter fteed not be used here, since a tapped hole 
i^ obviously circular, but it is important to mention the kind 
of thread, as t^is may bo W'^hitwortl^ gas, fine, or any of the 
numerous forms of thread in general use. 

Students in drawing classes occasionally make w'orking 
drawings' from wooden models and patterns', as well as fi:.ynv 
the actual objects. In this connection the student should be 
careful to distinguish between actual wooden models and 
actual patterns as used by the moulder. In the former case 
the sizes taken from the model will the correct sizes to 
appear on the drawing, but in the latter case all the sizes may 
have to be modifi^. The raoHen metal used in the casting 
process invariably contracts when cooling, and‘to* allow for 
this contrtfction the wood pattern is maefi; largerj the usual 
allowance for cast iron is i in. per foot. To take the shrinlo^e 
into account, therefore, it is necessary either to reduce uch 
size as it is measured by about | in. per foot, or to use a 
pattern-maker's shrink rule, the dimensions on which are made' 
slightly larger than the normal to allow for the shrinkage. 

The length of,the treWle-lever is great in comparison with 
its,great^tt breadth or depth, but the treadle is not a‘ suitable 
object for being shown “brokefi”, since its section ^^fies at 
practically every point throughout its length. For this reason, 
it is imperative that all of it should be drawn, either full-size 
or to some scale such as is suggested in Exdhcis^ 68. ’ 

The diiithnsion indicated at K, viz. ^ in. rad., appears once 
only on the drawing, although there are at least six places 
where it plight conectljj appear. Where such a dimension 
only appears, once, it is understood, of course, that all the 
radii in similar positions have sihiilar dimensions. The same 
is true wj th regard to the dimension at H. It is important to 
iCkoid duplication of sizes wherever possible, in case'’these sizes 
may have to be pltered at some /uture time. 

SUvef-guide .—In finisher cards which are fed from cans, the 
slivers are usually led on to the feed-cloth through a set of 
sliver-guides, one kind of which is illustrated in fig. 68. The 
^idea are .mounted on a rod which passes through hole A,' 
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each guide being held in position on the rod by a |-in. set¬ 
screw. The guides partially encircle the feed-cloth roller, 
located in the space B, and, by means of the thin broad-bloded 
parts C, kiep the slivers in their required positions. • 



Exkkcise 60.—Draw the |ront and ^nd q^vations of th« 
.sliver-guide, illustrated in' fig. 68, to a scale of hdtf full 
sise. 

The front elevation is drawn first, and it should be noted 
tiiat there is need for great accuracy in laying out t1^ various 
<Bn) 
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centre lines in order to ensure that the various curves irill join 
up correctly. 

The example dempnstrates a common and useful departure 
from ordinary methods. A glance at the end'elevation shows 
that, partly due to the comparativelj' small scale, and partly 
to the small vanation oi^the dimensions concerned, the view is 
somewhat confused. To prevent confusion, anij to make the 
shape of the guide perfectly clear, two sections are showp„.at 
D and E. The' departure from regular practice consists in 
showing the sections in the elevation, and on a line repre¬ 
senting the centre line of the plane across which the section is 
taken. It will be seen that tUs method saves a lot of trouble, 
as otherwise the sections would have to be piojected at some¬ 
what awkward angles. „ 

There are two points in the dimensioning that are worthy 
of notice.irt In sizing up the tapered sertiops, see that the 
locating linos are parallel to the centre line of the section, and 
that the dimension line is at right angles to the locating Ijnes. 
These lines are readily drawn in with the aid of the set- 
squares, following the method outlined in Exercise 25. The 
second point concerns the dimension line shown at F; the 
type of dimension line shows it to be a radius, and the line of 
its centAi is indicated. In such a case the dimension of the 
radius is not important, and iti exact size is not easilysfound. 
It is sufficient, therefore, to write the word “ radial ” ds shown. 

The small boss or patch indicate<l at G is typical of the 
general method of strengthening a boss, such u A, which has 
been wedxened by the removal of the metal necessary to 
obtain the f-in. tapped hole. 

Belt-for^ Stud Bracke^. —Fig. 69 presents, in front elevation 
and plan, two views' of a cast-irbn bracket in which is bolted 
the stud jipon which the belt-fork is fulcrummed, the method 
indicated being that adopted in many loonts. The bracket is 
■bolted to the loom gable by means of a |-in. bolt passing 
through the h^e A^ The brajjket is prevented from swivel¬ 
ling oh the single Iwlt by being'checked into the rib of the 
g^le; the small part cut away is indicated at the point E 
The stud is bolted in an upright position through the slot a 
slot being used to permit of adjustment. 



DBAWINUS TO BOAJjK ,»6 

Exercise 61.—Draw front elevation and plan of the belt- 
brk stud bracket, illustrated in fig. 69, to a scale of 
In this case it will be most convenient to draw the plan 
irst, cate being taken to leave sufficient space for the front 
ilevation to be projected above. The plan is symmetrical 
ibont the horizontal centre line, ai]fl this sSould therefore be 



used both as a base upon which to build up the drawing, anc 
as a datum line for dimensioning. iThere is n& distinctivf 
vertical centre, but that ehown passing thrdug^ the slot C 
should be used*in the same manner, as it really represents th( 
centre live of the stud, the holding of which is the%mctioB» oi 
the bracket. * ‘ ^ 

As an additional exeA:ise, it woula be awful to> take tiu 
following:— , 

Exercise 62,—^Project an end elevation from the &oi\ 
elevation shown in fig. 69. Such a view is nq^an essentia 
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one, but it will serve the useful purpose of exhibiting the 
characteristic shape of the bolt-hole A. 

In drawing circles, or radii, such as are used in the plan, 
where accuracy is desired, the student will find tt a wise plan 
to check the raditjs or diameter after it Las been lightly drawn 
in, with his rule. This is eiecessary because of the variation in 
the tightness of the compass joints, liecause' of the variation 
in the pressure to obtain the requisite typh of line, and!' 
because the thickn'e^ of the compass pencil tends to prevent 
the proper size from being picked off the nde or scale. As 
a check on accuracy, teachers should provide students with 
iiccurately made tracings of the details being diawn. Such 
tracings should, of course, be on transparent j&pcr, such as 
that known as “dot^l tracing paper”, and may quite well 
be in pencil. If the student applies such an accuiAte* tracing 
to his ownvdrawing, a glance is sufficieift reveal any 
inaccuracies. 

The dimensions indicated at D and E, fig. C9, call for soiae 
slight notice. Those at I) might be regarded as of little use, 
os the overall size, 3| in., may be looked on as covering or 
including both. The purpose of introducing t^e two similar 
dimensions is to show iMjOind any possible ‘doubt that the 
horizontal fibnttu line divides the object into two similai* parts, 
i.e. that the plan is symmetrical ‘about the horizontal cftitre 
line. In a somewhat similar manner the dimensions at if indi¬ 
cate that the slot is symmetrical about the vertical centre 
line. 

As a smtth point in design the student should note that 
^hile the average thickness of the metal is generally | fh., 
it is increased to | in. ronn^ the slot C. This is done to com¬ 
pensate for the Removal'of the metihl to form the slot, and to 
enable the slotted part to sustain 'the crushing action which 
takes place when the stud is bolted in position. Such a 
tblbkening of the section is not so necessary on th<f base or 
sole of the brscke(, sinc^ this part,is strengthened' by the two 
ribs, one t>n each side of it 

TUs example, like the two previous ones, is intended to be 
drawn half size, and as such a scale is jikely to be taken 
directly from an ordinary rule, it may not be out of place 



DRAWINGS TO SCALE 


»7 

to suggest an easy method of halving sizes on a rule. Sizes 
such as 3| in. may be halved by first of all halving the 3 in. 
(1| in.)Mthen halving the | in. in.),*and finally adding the 
two results (IJ in. + in. = ly\ in. + in. = Iftr'in.) 
Such a process seoms’involved, but it is not really so. Sizes 
such as in. a^e easily hiilved, b^use the whole number is 
an oven rilimber, the value being in. But,^ where the 

whole number is otld, the half may Ije gbtained readily by 
a somewhat mechanical process as follows: Take, for example, 
5g in., say the half of .‘i 2yV, not 2J, then 2y\ + y’y = 2}J. 

Card-roller End Ring .—In certain cards the rollers (feeders, 
workers, strijpers, and doffers) have the wooden staves, or 
leather filleting which carry the pins, screwed to wood lagging 
which forms the body of tlfe roller. This wood lagging is in 
turn secured to cast-iron bosses or rings, one of which (an end 
ring) is illustiat^ in fig. 70. The roller arbor jSsses through 
the hole A, the ring is shrunk on the arbor, and the lags are 
Kbld by set-screws which fit into the holes B. The end rings 
have a flange as indicated at C, while the middle rings are 
somewhat similar, but have no flange. 

Exercise 83. — Draw a half front elevation and ^ end 
elevation—half outside view and*lialf sectional v^ew—of the 
car(^-roller end ring illhstrated in fig. 70 to a scale ob6 in. 
to 1 jt. 

The front elevation is obviously the first view to draw in 
this examplj, since it consists mainly of circles, or rather semi¬ 
circles, because only one-half is required. The jpme sizes as 
aif needed to draw the front elevation are then projected 
across to the end elevation; duplication of measurement is 
thus avoided. 

The whole figure is a^ good exaftple of .what might be 
termed a “shojthand” method of producing mechanical draw¬ 
ings. Parts of three views are shown, none o^ the views 
being complete in itself, but at the same time ail the necessat^ 
information is given. This method* is often adopted when 
the object under consideration is circular and perfectly sym¬ 
metrical about one or both of its centre lines. 

It will be noticed that only one of (he tapped holes B is 
shown in the end eleimtion. The reason for this is tbat^cer- 
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rect projection of the holes would be almost impossible because 
of their small size and peculiar shape. The projection of that 
ho\e on the horizontaf centre line would, of couiyie, be a circle, 



life, and Vx»tion of the holes is giren, and any fiutber work 
expended on this part of the drawing might be rejpuded as 
useless elaboration, r < , 

One good feature of drawing the end elevation as shown 
is tISat it obviates the use of dotted lines, an advantage Which 
*beoomeB more obvious as the section becomes more eom- 
plioated. 


DRAWINGS TO SCALE 


»9 


The rounding out or fillet at D ie requited in order to 
strengthen the junction of the metal composing the thin 
flange wi^h the metal forming the hod^ of the ring. Such 
fillets arc all-important in castings, as it happens that the 
minute crystals forminf^ the cast iron always arrange them¬ 
selves when cooli^ with their cleavi^ge planes at right angles 
to the surfiiee. TIence, when two surfaces meet at right 
angles, the dispos'tion of the crystals forms a possible source 
of weakness. This defect is obviated, wherever possible, by 
the introduction of a suitable fillet, so that there is no sharp 
angle resulting from the juxtaposition of the two surfaces 
concerned. 

In drawing ihe end elevation, which consists of five concen¬ 
tric semicircles, the student* should be gareful to keep the 
compass %eSlle as nearly vortical to the surface of thd paper 
as possible; otI.snWse, he may make a large hole rfhd spoil the 
accuracy of the drawing. When a finely finished drawing is 
required, use may be made of one of the many forms of horn 
or metal centres, the former being preferable, since it is trans- 
'parent and cannot readily injure the compass point. A horn 
centre consists pf a thin disc of horn, | in. to f in. diaij^eter, 
'and about ^ in. thick. On its unfler-side^e three fine pro¬ 
jecting needle points, while on its upper surface aA two^ne 
fines Intersecting at right an^es. The centre is placed where 
required on the drawing, the intersecting lines made to coin¬ 
cide with the drawing centre lines, and the point placed on 
the horn itseS; dll injury to the ^per is therefore^revented. 
A c^eap substitute consists of stiff adhesive linenized paper, 
but this type has the disadvantage of being adhesive, and of 
having to be frequently renewed. Jhe use of all ^ch centres 
may, to a great extent, be avoided bylaking qpre to provide 
oneself with double-jointed'compasses, and by using “tram¬ 
mels ” (beam compasses) for all circles of large diarngters. 

Ddiverf roller Swing Lever.—In certain drawing-frames pA-, 
vision has to be made fot tjie delivery presfing-roller or rail 
being allowed to rise and fall in accordance with the (hicknesS 
of the sliver. The roller is then carried in a ptur of swing 
levers, (me hand of which is illustrated in front elevatioir and* 
sectional plan in fig. 71. The lever swings on a stud pass^ 
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through the hole A, and carries the roller arbor in hole B, 
which is generally bushed with brass or gun-metal. A wheel 
guard is carried on<a small stud bolted into the hole C, and 
pbovision is made at D to enable spring pressure to be main¬ 
lined when required by means of as hooked rod fitting into 
the semicircular recess shown. 

Exrkoisk 64.— Draw front elevation and sectional plan of 
the delivery-roller swing lever shown in fig.' 71 to a scalej-jf 
6 in. to 1 ft. * 



The horizontal and vertical centre lines will naturally be 
drawn first, after which the front elevation ^na^ be practically 
completed The plan is then projected from the centre line of 
the front elevation, so as to obtain the required section. * 

The m^n reason for introducing this example is to provide 
another case yrhere assection is ntore useful than the ordinary 
outside view. A little considefation will show that, if the' 
plan were projected in the usual way, the‘only full lines to 
fcppear i^ould be the four bounding lines, while the>reinainder, 
the comparatively complex de^il,. would be fhown dotted. 
The dfawing of the section obviates the use of dotted lines, 
and renders the complete shape more easily understood. 

Where one view of a drawing has oniy one horizontal and 
one vertical centre line, and another view is a section, .ft is 
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generally understood that the section is taken on one or other 
of the centre lines. Where there is more than one centre line, 
or where the section is taken across rtme plane which does 
not contain a centre line, the exact line should be indictCted 
definitely, as is done i* fig. 58. , 

ExERcmE 65.—Draw a section «n the vertical centre line 
passing thnsugh^he hole C, fig. 71; this section will, of course, 
ise projected fitom the front elevation. 

In dimensioning sections, sizes should, where possible, be 
kept away from the section lines, to prevent possible con¬ 
fusion; this is done in fig. 70. Where the dimensions are 
put on the section, the section lines around them should be 
omitted, as is*done at E, fig. 71. Another small point worth 
some attention has regard to dimensioi\g such as the l/j^-in. 
radius ilidibated at B. To prevent the dimension from being 
read in., *be fchole number 1 should be as high as the 
The dimension 1^'^, as well as the radii of the bosses A and 0, 
might have been marked as diameters, but they have been 
stated as radii, because all three are pattern-maker’s sizes only, 
and the pattern-maker requires the radius rather than the 
diameter in order to set his dividers when marking off. 

Doffer Bearing-bradet .—In certain ca^s the doffer—^the 
roller Vhich strips the carded material from the djrlindy—is 
’carrftd in bearing-btackets holted to the machine gable. An 
example of one hand of such a bracket is given in front and end 
elevations in figs. 72 and 72 a. The hole A, which is suitably 
bushed withfbirfSs or gun-metal, carries the doffer arbor and 
forms the bearing in which it rotates. The bracket fits over 
th^ top of the gable at the check B, and is fixed to it by bolts, 
which pass through the holes corresponding slots are 
formed in the gable. To &cure easy And accurate adjustment 
of the doffer to the cylinder, a collared screw, itt^ into a 
fixed adjusting *bracke^ is passed through the tap^ hole D, 
and any^tation of this screw moves the bracket, and coifce-, 
quently the,doffer, a corr,esponding d4ftano% The holes at E 
and F are used to carry an adjustable bearing for a*oleaning- 
brush, the bracket being fulcrummed on a stud fitted intp the 
hole F, and looked .in the required position by a bolt thfough 
tile h(^ E. 
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Exbwise 66.—Draw front and end elevations of the doffer 
besfing-biacket illustrated in figs. 72 and 72a to a scale of 6 in. 
•to l«ft. 

Little difficulty should be experienced with this example^ as 8 
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Fig. 7io 


comparatively simple machine part has been chosen in dhierto 
give the beginner some practice in what is known as shade-liniqg. 

The drawing should be completed with the ordinary thick¬ 
ness of lines, tW the dimensions added, and, lastly, the shade 
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lining is performed. The purpose of the shade-linos is to give 
relief to the otherwise flat appearance of the object as or¬ 
dinarily drawn, b/'the introduction in appropriate places of 
heavy lines representing these parts in shade or shadow. The 
etndent should imagine that a lamp br other source of light is 
placed somewhat abovj, a little to the left, and slightly in 
front of the object, so that the rays of light fall- on the object 
at an approxim^ angle of 46°. The direction of the rays of 
light will thus cause the right-hand side and the bottom of 
each view to be in shadow, this eflect being represented by 
thickening up the lines concerned to about tivice the normal 
thickness. Holes are shade-lined oppositely, i.e. on the top 
and left hand, since the rays of light would penetrate the hole, 
illuminate the bot*^om and right-hand parts, and leave the top 
and left-hand parts in shadow. “ ' 

It is nSt difficult to shade the straight‘linei,, but it must be' 
remembered to add the thickness outside the proper line. 
The following hint will be useful in reg.ard to the more diffi¬ 
cult treatment required.by circles and curves generally. In 
shade-lining any circle, first take the actual radius of the di^e 
on^the compasses, and then move the needle, point downwards 
and to the righf- to a pbint very close to the real centre, but 
lying al indicate at an angle of 45° to it with re^rd to the 
horizontal or vertical "Now^draw in the part of tj|te shade 
circle desired, according to whether the original circle represents, 
a hole or a droular boss. If the former, the shade-line will be 
added igside the hole; if the latter, the s^ade-liue will be 
outside the boss. 

Exercise 67. — Make a plan projected from the front' 
elevatioq and shade-line, it according to the above instructions. 

It is important tUht the shade-lining should be doneTast of 
all, BO that the dimension and focating line^ may be true, an^ 
not distorted or out of their proper position by the thickening 
of the various lines. Full lines only should be th&s thickened, 
no further attesrtion .being paid» unless in exceptional instances, 
to any dotted detail Similar treMiment to above is followed ‘ 
for curved parts other tbui circles. 
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CHAPTER IX 

SMALL ASSEMBLIES^ 

After the student has conscientiously work^ out the fore¬ 
going exercises, he should be able to produce, in pencil, work¬ 
manlike sketches tdld drawings of any simple single machine 
pait. This chapter is devot^ to a consideration of the n^xt 
step in progression, namely, the drawing of ^all assemblies. 
From the drawing point of view, an assembly may be regarded 
as a group of parts drawn together in the same relative 
positions as they ultimately occupy in the finished machine; 
the relative position of each part in the group or assembly is 
clearly shown, but the position of the groijp with relation to 
the remiiinslei'of the machine is not shown. When the position 
of the group or assembly in the finished machine is^ndicated, 
the drawing may be regarded more properly as ati arrange¬ 
ment., drawing. 

Assembly drawings may be drawn for various reasons. 
9trst of all, when parts of machines are being designed, it is 
usual to ^raw out the group of parts to see how each is to fit 
fcto its neighbouring parts, and to ensure that there is sjiace 
left for all necessary motion^ adjustment, &c. Such alrawigg 
is freliftinary only; it^ves amore or less approximate idea 
of the feasibility of the design, and enables the leading 
dimensions to be fixed. Afterwards, each detail of the as¬ 
sembly is drawA ottt separately, and all necessary dimensions 
fixed; in addition, all parts are named, and usually numbered. 
•The nime of the part is given (1) according to its function in 
the machine, and (2) according to its ;gpsition in the ^machine. 
In certain cases, however, oldland commoHly used names have 
Co be used, simply because they are well-estaili^ied, and 
change might le^ to doubt and confusion. The numbering 
is importan*; a name may be easily changed, but aVnnibei' 
is an nnchangiijg reference. 'N^hen the d|taiis£re thus drawn, 
out, the assembly is again drawn, all sizes, &c., being obtained 
from the finish^ dejails. The prelimhutry assembly drav 
ing is now of little or. no use, and may usually be diseardad. 

Secondly, an assembly may be drawn to take the place of 
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detail drawings of its several parts. It thus serves a doable 
purpose, showing all the necessary sizes to enable each detail, 
to be made, and showing how to fit all these details together. 
Although this is usually an economy of tidie and labour in 
drawibg, it is not always an advantage. It becomes less and 
less an advantage as ^e assembly becomes more and more 
complex. In modem “mass production** each.separate part 
may lie made by a different workman, and there will be I.!Be 
chance of error u each workman gets a drawing showing only 
the particular part with which he is concern^. Again, all 
designs are liable to be changed somewhat, and it is far easier 
to change or replace a small and comparatively simple detail 
drawing than to change a more or less complicated assembly. 
One small advantage of suck an assembly drawing is that, 
since it shows how the various parts fit together, rt is not so 
'essentiaUto develop a system of machining .marks, reference 
to which has already been made. 

Lastly, an assembly drawing may be made merely to,show 
the relative positions of its component parts. In this cose, 
the drawing should be developed on pictorial lines, no dottfJ 
detail being shown unless for special reasons. , 

'Assembly drawings stould be dimensionec! according to the 
uM to T'hich they are to be put. If the various details are to 
be made from such a drawing, it must be fully drawn and 
completely dimensioned, although for the sake of clearness, 
it is unnecessary that all views be complete. If the drawing 
is merely to show bow certain details are to bo fitted together, 
only lerAing or design dimensions are essential. Again, it is 
sometimes necessary to perform certain of the machinihg pro^ 
cesses after the varioi|8 details have been fitted together; in 
such a ckae, these nuichming dimensions, as well as the leading 
or desigp dimensions, should be shown. 

The student should make a practice of cnecking all finished 
■•drawing with the original sketches or other sourou of informs- 
..tion, and, whep doubt arises, ^er, if possible,, to the original 
pari;,miodel, &e., or wherever the information was obtuped. 
Ifi modem mass production, one small error on a drawing 
p;[»y lead to the soiappfng of many parts. 

In the drawine of assemblies, there ara two kinds of work 



S^ALL ASSEMBLIES 1#7 

in which the student should have practice; (1) the building 
up of assembly drawings from their component details, and 
[2) the drawing of details from the paeliminary or finished 
wsembly'drawing. In the former case it is important that 
BO dimension be taker#for granted; all shqpld bo carefully 
measured, the assembly drawing t^ius forming an efficient 
check on the coftectness of the details. 

The romaindSr of this chapter is devoted to prog#eBBive ex¬ 
amples and exercises in the drawing of thelnore simple forms 
of assembly. 

Spindle Shaft Thirud-braeket.—la certain types of roving 
frames, cop-winding machines, &c., the spindles are driven by 
means of bevePpinions set-screwed to a long shaft, and gearing 
with corresponding bevel wheels. Wherwer such bevel gears 
are employfid, some means must bo provided to counteract the 
thrust of the,bevel; the wort! “thrust” refers fc the force 
acting at the teeth of the gears and tending to separate or 
diVe them apart. Ball-bearing thrust washers are often em¬ 
ployed for this purpose, but less complicated methods are also 
‘still in use. 

Fig. ,73 shows the component parts of a thrust bracket 
used on the spindle-shaft of a cerfcin tyjm of roving ffame; 
A is thh thnist-bracket fixed to a rail of tde machine by^set- 
%ore«* passing through the ihur holes in its base. The cylin- 
drical*bosa at the top is tapped to receive the thrust-screw B; 
this screw terminating at one end in a hardened thrust-pad 
which bears ^gsfinst the end of the shaft, and has a squart 
filed or milled at the opposite end, so that it ma/ be readilj 
adjflsted to compensate for wear. A standard lock-nut C it 
used to lock the thrust-screw B in i^ requii-ed position. 

Fig. 74 shows these thAe component parts a&embled ii 
their correct relative positfons. 

ExraioiBK 68.*—Using the information given fai fira. 73 am 
74, draw* front and end elevations of the thnftt-braohe 
assembly to f, scale of half fgU sise. .^esum| that no sej^r^ 
details are to be drawn, and dimension the views accerdingly 

The end elevation is conveniently drawn first, then.tb 
front elevation, and all heights obtained by projection es ii 
fig. 74. A plan is not absolutely necessary; it would serve t 
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For the sake of clearness, the thrust-screw and lock-nut are 
not shown in the end elevation ; the form of these two parts 
renders this unnecessary, as all the dimensions can he ex¬ 
hibited in'the dhe view shown. The chain-dotted lines draw'll 
diagonally across the square head of the screyf in fig. 74 show 
the conventional method of indica|ing the elevation of a 



'rectangular part, when the*rectangular form 'is ^ot more 
precisely indicated in any other view. The same kind of lines 
are often found marking a journal on a shaft, &c.,*but thil 
usage is not wprranted (except by long-standing custom), as it 
is undoubtedly best when one particular conventional sign 
represents one particular form only. To ensure that t^e 
thrust-screw will wAtr very slowly, the j-in.-diameter pachat 
the end should be subjected to a hardening process, and, to 
<B9S) 
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indicate that this is required, a note to that effect, summed up 
concisely into one word, is put on the drawing. 

Drawing-roll Cleener Holder .— In practically all textile 
machinery where revolving rolls or rollers are*made to act on 
the fibrous material, there is a tendency for stray fibres to be 
coiled on the roller, thqse in turn pulling round others, until 
the whole of the sliver laps round and is cdiled on the roller. 
To prevent the consequent stoppage of th6 machinery, all 
such rollers are provid^ with some form of rubber or cleaner 
of the “dead” or of the "live ” type. Tlie former is fixed and 
merely rubs against the roller; the live type revolves either 
with or against the roller, but always at a difi'erent speed. 

Fig. 75 illustrates one form of a “dead” r\li)l>cr, such as is 
used on the drawing or front roller of certain types of card. 
The cleaner A has its concave surface covered with' felt; this 
felt is in'tiontact with the roller B, and is,pressed firmly 
against the latter by means of the holder C, fulcnimmed on 
a stud located in the open slot T). It is evident that, the 
major portion of the holder is on the opposite side of the slot 
D to the cleaner A, and consequently the holder serves as S 
weighted lever to press the cleaner A upwards and firmly 
against the roller B. SJray fibres cannot'then readily get 
round thi roller, and socalled laps are, to a great extent, 
obviated. ' , ' ' 

Exorcise 70.—Draw front elevation and plan of the 
drawing-roll cleaner and holder as shown in fig. 76, to a scale 
of half full size, and add a plan. ' '■ 

The frdnt elevation should be drawn first, care,being taken 
to work rigidly to the various centre lines, all of which 'must 
be .drawn in at an earlx stage. The centre lines, both hori¬ 
zontal and^ vertical, w<!tich pass through the slot I), should be 
used as df^.um lines in dimensioning. 

The cleaner is 6 ft. 3 in. long, and cannot, therefore, be 
Aadily Aown to scale; it is sufficient, however, Vo show it 
broken off as in the ^ower figure i the break fhown is that 
conventionally used for wood. The real length is indicated 
on.the “unfinished” dimension line, i.e, a dimension line with 
anarrow-head and locating line at one end'only. The diameter 
of the roller is indicated in a similar manner. Obviously, 



SMALL ASSEMBLIES IM 



this method fi dimensioning^ should appljfd only to parts 
of regular section. 

The thickness of the metal above the open slot Lt is 
obtained by using's centre \ im above the stud centre^ as 
shown. T^is is done partly in order to ensure sufficient 


Fig. 75 
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metal above the stud, Ijecanso this is the part where fracture 
is most likely to occur, and partly to ensure that a reasonable 
amount of wear an^tear may take place before the thinning 
of the section reaches the danger-point. 

Retaining-Toiyr Weight Lcecr. — Bi certain types of dry 
spinning-frames, e.g. those used for flax, hemp, and jute, the 
front feed- or retaining-roller is in one continuoifc length, and 
runs in (trass or white-metal bearings iitted‘into the standk' 
or bends of the machine. The pressing-rollers, which work 
in conjunction with the retaining-roUer, are made in pairs, i.e. 
two cast-iron bosses are mounted on a steel arbor, and are 
pressed firmly against the front roller. Fig. 76 illustrates one 
-method of applying the necessary pressure. A cast-iron lever 
A is fulcrummed or a pin pasSng through the^hole B, and 
carries a weight at the hook^ end C. A brass screftv, having 
a square fiead I), is screwed into the hali-roimd boss E, the 
outer face of the square head D being rounded out or grooved, 
to fit the arbor F of the retaining-roller; the brass screw is 
made long to permit of adjustment to compensate for wear. 

Exercise 71.—With the information supplied in fig. 7v 
draij front elevation and plan of the retaiijing-roUef weight 
shown, using a ac;le of 1$ in. to I ft., i.e. full size. 

The frtint elevation should be drawn first, a commencement 
being made by drawing the''main Iforizontal centge line. 
Next draw in the vertical datum line shown at the extreme 
left of the figure; a horizontal measurement of 4 in., and 
a verdca^ measurement of 1-^ in. will ena^e the sloping 
centre line of the brass screw to be drawn in. fiimilar^ori- 
zontal and vertical measurements enable the centre linw of 
the hole B and its lug«to be obtained; when these various 
lines are dra\p, the fdudent should work round each as much 
as possible, until the front elevation is complpte. Afterwards, 
the horimntal centre line of the plan is inserted, and the plan 
drawn, wi lengths being obtained by projection. * 

• In drawing Ijae screw and ot£er doping pads parallel to 
' and af right angles to the screw centre line, use must be 
made of the set-squares as illustrated and described in Exeiv 
ciM 26, p. 36. 

This example may be regarded as typical of drawings where 
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student should attempt to dimension the drawing without its 
aid, that is to ssiy, if he manages to produce the drawing at 
all without its aid. • 

‘Attention should be ])aid to the method givefi of dimension¬ 
ing the angle bqtween the horizontal Ventre line of the lever 
proper and the centre Ijiie of the screw. At first sight it 
might seem reasonable to lay off this angle with the aid of the 
instrnmetA known as a protractor, and to give* the dimensions* 
as so many dcgrelis. A protmetor is simply a segment of a 



circle, containing a diameter of the circle ;‘thd diameter is 
bisected at*right angles by a radius, forming two right angles, 
and marking the centre of the circle. The curved side (semi¬ 
circle) is divided into 1^ equal parts or degrees, and num¬ 
ber^ 0 tS 180. Ont form of protractor is illustrated in 
fig. 77 ; it ^s ihade of celluloid, has a bevelled edge, and is 
about in. thick and 6 in. in diameter. Il -will be obvious 
that BUch^n instrument can be used to record degl'ees only 
oq a plane surface, so that, while ^ is easy to i)li|ke measure¬ 
ments OB pivper, ft is di^icult in most cases to apply it directly 
to M object. Hence, the triangulation method shown is more 
,gen^lly useful. Neveitheless the protrActor has its uses, 
ano students of drawing would do well to acquire one, being 
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direful that it is not too small; the sise given above is rcgitrdci^, 
w a minimum from th«S point of view of general utility. The 
larger the protractor, the less beromcs tl» possible percentage 
error, eitfier in'measuring or in marking off. • 

Wherever possible, Aigles of known siz^ should be con¬ 
structed by geometrical methmls; wjien this is impracticable, 
the protractor m?iy l)c employed, or use may be made of the 
scale of chords'which is often found on the back of'rules, &c. 
Such a scale is illustrated in fig. 7b, and itTs used iis follows: 



Suppose it is desired to lay off an angle of .bO”. Set the 
needle pointtif the comistsses at 0, and move the pencil to 60; 
with OA ag radius descrilte an arc of a circle AB.* Kext, set 
th^ pencil to 50°, the required angle, and cut off a distance 
equal to OD on the arc AB, cutting the latter at C. Join,CO, 
then COA is the required Eingle ancTis^^ 

Returning again to fig. ?6, some difficulty fnay be experi¬ 
enced, in the plhn view, in representing correetljr the tapped 
hole andtohe Uf-round boss E. Both of these ai% virtually 
circles, but Mnce neither •! them is at right angles to the 
horizontal ^ane, i.e. both are incline*} to i| they appear, in 
the plan as ellipses. In each case the major axis is obtained 
by measurement, *id the minor axis by projection froi:^the, 
corresponding points in the elevation. Except when the 
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ellipses are large, the geometrical methods of drawing—one of 
whifh is given in Exercise 26—are inJt used, and one of the 
approximate methodu often employed is as follows: Draw 
hdrizontal and vertical centre lines A6 and CI5, flg.'79, inter¬ 
secting as showiv at £. Mark off £A*‘and £B each 'equal to. 



Fte-rs 

say, 2 in., half'the major axis, amhEF and EG each equal to, 
say, 1 in., half the minor axis. On EA descrilie ui equilateral 
triangle !^H. With £ as centre, and EF as radiudj'describe 
thp arc FLK, cutting f H in L. ,Moin Fl^ and produce the 
line to M, cutting HA in N. With A as centre and AN as 
radjps, describe the arc NP, cutting AB in P. Join NP and 
.pro^ce the line until it cuts the vertieaT centre line in D. 
With P as centre, and PN as radius, describe an arc cd a circle; 
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with the same radius, describe a secund corresponding arc 
passing through B. With D as centre, and DN as radius, 
describe an arc joining up the two small arcs and passing 
through E; ^^th the same radius, and C os centre, describe 
a second corresponding arc joining up the ijrst two small arcs 
and passing through (L. The required approximate ellipse is 
then ropretenteS by the closed line AMFBO. 

Exercise ^2. — Construct, by the above approximate 
method, an ellipse, the major and mino* axes of which are 
3 in. and 11 in. respectively. Draw full size. 

After the above exercise has been carried out little diffi¬ 
culty should be experienced in obtaining the ellipses required 
in the plan view of fig. 76, or in drawing the elliptical section 
shown in the elevation. Iif the case of gory small ellipses, the 
geometrical construction to find the two radii may be dis¬ 
pensed with andT the radii found simply by tri&ls. 

Top Boiler Bearing-bracket —In looms where the shedding 
of separation of the warp threads is periormed by negative 
tappets or wypers, top roller mountings are often used to con¬ 
vert the negative shedding action of the tappet into a positive 
one. 4'he to{g rollers consist of a steel arbor or arbors, to 
which are keyed or set-screwedf cast-iryn bosses. Leather 
stra^ hooks, and twinb connect the bosses tcl^the tipper 
BtaVy of the leaves of thtThealds or cambs. Fig. 80 illus¬ 
trates one form of bearing-bracket for a top roller such as 
is used in a certain type of loom for weaving plain cloth. The 
roller arbor fits into and oscillates in the beari^ recess A; 
tl\g brackat is supported in a hole in the upper rail (bow rail) 
of the loom, and has a comparatively long turned shank C 
to permit of adjustment backwat^ and forwards. T(s pre¬ 
vent any of the oil, useiJ in the luWication^of'the bearing, 
from dropping pn to the lifarp yam and thus ad^rsely affecL 
ing the cloth, an oil-dish B is set-screwed to the bottom of the 
bearing *08 shown. It will be understood that A least twq 
such braclgets are necessary to can^ th^ top roller; vtide 
looms may have three, while in very wide looms Iffiere may 
be two or more wparate arbors, each with a pair of begring- 
braokets. 

Exekcise 73.—Draw a plan and elevation of the top roller 



bmclolti, illustrated 
oUd elevation. 
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This exercise will be found fairly easy tx) draw when the 
two horizontal centre lines and the vertical centre line have 
tteen correctly put in. It ^Kwsesses, h<Jfrever, at least three 
points ot intoAst to the student. * 

The three views in f'ig. «0, marked X, V, and Z, may he 
regarded resjjectivcly as front e1eva|ion (partly sectional), end 
slovation, Knd |^an. The first point of interest is that the 
!Bd elevation V is the view soon from the front of the loom, 
while the front elevation X is that seen from the end or side 
of the loom. In cases of this kind it is important to reiuember 
that the names of the views refer more particularly to their 
positions in the drawing itself rather than to the relative 
positions occifpiod in the machine. For drawing purposes, 
IS has already been pointed out, the fiiont elevation is that 
which dkhibits length and height; the plan, that whieh shows 
length and breadth; and the end elevation, that ^hich shows 
height and breadth. 

•Again, the front elevation depicts the oil trough in ^tion, 
this being done in order to exhibit its shape clearly without 
having recourse to dotted lines. The screw is not shown in 
sections It be taken as a general rule in the drawing 
of sections that, if the central parf is circijiar, as it very often 
is—a shaft, pin, stud, (icA—it is not included in the section, 
but ^ shown in its usual oiSside view. Any departure from 
this rule would only occur whore it is desired or necessary to 
emphasize any special internal feature of the central circular 
part. ^ 

K , irhe curves shown at R and T are approximations 
ach of them represents the intersection of two curved, 
surfaces, and, as these intersection^4Re not of special impor¬ 
tance, and as the true intersections nftsessitate comparatively 
difficult gcometfical constrhetions, the approxim^ions shown 
would bo considered sufficient for most practical puiposes. In 
the platf Z, the points Q and S are obtained hf using Jhe, 
radius marj^ed “ Radial ” In the fronj eley|ition X, while, R 
is obtained by projection from the corresponding point-R',; 
an arc is then drawn to pass through the three points, l^mi- 
larly, in the end elevation Y, the points U and V are obt^nod 
by measurement, while T is obtained by projection from the 



1^ 


TEXTILE MACHINE DHAWING 



corresponding point 
T, in the front eleva¬ 
tion X. The project¬ 
ing bobs UTV in the 
end elevation isieally 
part of a cone, and 
ite sloping sides may 
be drawn, more pro¬ 
perly, by making 
them parallel to the 
corresponding lines in 
the front elevation X. 

Breaker'Card IVtnhei\ 

—In waste breaker 

cards, sucfi 'as arc 

comiQon'y used for 

dealing with fibres of 

^ fiax, hom|), jute, &c., 

1 the worker rollers 
Sf 

I* must be of strong and 
sturdy constrrction. 
Fig. 81 shows one 
form of such a roller. 
The body A is a steel 
tube 8 in. external 
diameter and in. 
thick', into its open 
ends cast-irf'n flanged 
bosses B are forced 
by hydraulic pres¬ 
sure, and additional 
security is obtained 
by fitting in screwed 
plugs as shown. 
The gudgeons ot ar¬ 
bors are themselves 
. shrunk into the cast- 
iron ends, i.e. the ends 
While hot, and the bole 
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thus larger than its normal sir^ the arboi-s are put in. As the 
ends cool they contract, the hole returns to its normal size, and 
in so doing, seizes on and firmly holds th« steel arbors C and D. 

KxBllblSE *14. — Using the information given in fig. *81, 
make detail drawings* of the four dilferei^j^ parts, viz. tube, 
ends, and arbors, required for one complete worker. Seale 
6 in. to Is ft. * 

Exkruisk 75.—Use the details drawn in Exdrcise 74 in 
order to make an assembly drawing of ®e finished roller to 
a scale of | full size. 

The staves or lags, which carry the worker-pins, are held 
on to the body of the roller by countersunk screws. The 
tapped hole^*for receiving these screws are not shown. In 
practice, templates are made from the^jjactnal staves, and the 
holes drilled to correspond. 

It will btsnotked that the inside of the cast^hon bosses B 
are tapered, the actual amount of taper being J in. on each 
side. In practice, all cast parts are thus made, the taper being 
necessary in order to allow the wood or metal pattern to be 
easily drawn from the sand in the moulding process. The 
taper^ds technically known as “draw”, and is provided on all 
surfaces which are in a vertical pSsition in the mould. *It will 
be udderstood that the'tapered parte aro naturally repioved 
dni^g any machiiyng prowess on a particular surface. The 
short edges of the flanges B, and the longer surfaces in con¬ 
tact with the tube, would thus appear tapered in the rough 
casting, biit iif machining these surfaces the tapered part is 
removed* It is not, however, an invariable practice to show 
tSis taper on a drawing, although in many cases it is an advan¬ 
tage; and in several cases where ^tr diaw is certain tci,aflect 
the design of adjacent jfitrts it is axf essential leature in the 
drawing. 

There are two kinds of section lines used; (*) to indicate 
the cast iron of the bosses B, and (2) to indicate the mild steel 
of the tul^ A. Where tli^o sectioned parts are in contact^ the 
46° section lines should be drawn in ophite dinections-in 
Older to render the varums parts more easily distinguishable. 
In a pencil dravAng these sections may, after a little p^tic^, 
he sufficiently accurately drawn in freehand, and as the draw- 
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itig of these lines takes up a 
coiisklerable amount of time, 
facility in drawing them 
freehand is Y<urtb''8tnving 
after; It may prove a help 
to the beginner if the first 
few lines art) ruWd in with 
the aid of thA45 set-square 
and the remainder intro¬ 
duced freehand. 

The koyway in the gear- 
side arbor is not fidly dimen¬ 
sioned,only letfgthand width 
being given. It is under¬ 
stood that all remaining di¬ 
mensions would be obtained 
from a table of standard keys 
and key ways, such as is given 
on p. 66. The directional 
line between the note “std. 
f-in.-wide key way” and the 
elevation of the keyway it¬ 
self is purposely irregular, so 
,that there may be no chance 
of its being confused with 
the regular lines of the 
drawing prtqwr.' 

Picking - stud. — In those 
looms in which the motion 
of the shuttle is originated' 
by an “overpick” motion, 
two wypers are fixed on the 
low or botto& shaft of the 
loom, one wyper near each 
end of the shaft As the 
loom runs, the wyper bears 
against and pushes out a 
conical ailti-friction roller 


&nnffig loosely on a stud bolted to or keyed on to the lower 
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end of its upright picking-shaft. Fig. 82 gives two eleva¬ 
tions! views of the picking-stud in such looms, the type shown 
Ijeing that in which tlic stud is kcyec^to the shaft, and can 
therefose be ndjnated, if desired, fur vortical height. A i^the 
stud proper, B is tho^unical anti-friction roller, C is a heavy 
mild-steel wiisher, while I) is a large specially shaped nut, pre¬ 
vented fr^ loosening by means of% standaid taper pin driven 
through the nut and the screwed end of the stud. • 

ExgsciS£ 76.—Using the infurniatiun given in fig. 82, make 
full-size detail drawings of each part in the picking-stud 
assembly shown. 

• Exkkcisg 77.—Use the details shown in Exercise 76 to 
build np twf complete assembly views of the picking-stud 
similar to those shown ii^hg. 82. 

Ex^toiSR 78.—From the front ele^tional view drawn in 
Exercise 77 prqject a plan view'. 

Exeroibb 79.—Make a sectional plan, projected from the 
front elevational view drawn in Exercise 78, and taken along 
the centre line FG, fig. 82. 

This example presents two or three points of minor interest. 
The taper pin shown is made in standard sizes, and is regularly 
used%r fasCSliing together any ^wo parts which arc »ot con¬ 
veniently held by any,other means. 'l%o diam^r given is 
always that at the large e{j|d, and a common taper is f in 48 
or f in. per foot. 'Each end should be round^ off with a 
radins approximately equal to the diameter of the pin at that 
particular and* 

It will be noticed that the diameter of the boss E, through 
which t^ hole for the picking-shaft is made, is dimensioned 

• “ 3 in. dia. spher.” (spherical), denoting that the boss is really 
a portion of a sphere. The spheTOtySiape woyld, of Sourae, 
have been placed beyond doubt had a plantbeen drawn, but 
the addition of the adjective “ spherical ” (abbrjvUited to spher.) 
renders such a view unnecessary. 

It should be kept in «ind that it is occasionally necessary 
to specif^ which is the*deep end^of th* keywa^. In*lhe 
present case this is unnecessary, unless for any particular 
reason the largeadiameter of the taper pin were required to 
be in a definite relation to the dean end of the kev9hv.& 
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The conical roller B (picking-cone) ie of chilled cast-iron, 
i.e. moulded in metal in place of the usual sand. This method 
has the effect of coolipg the molten cast"iron more rapidly than 
when cooled in a sand mould, and produces a I'ery banl sur¬ 
face, able to withstand much wearing f ition. No special pro-’ 
vision is made for lubricating this conical roller when it rotates 
on the stud, as it is usuany a loose and easy’fit, end oil can 
get in from the outside in sufficient quantity. The nut D is 
specially large and lieavy, and in this case is of cast iron in 
place of the more usual mild steel. The other two parts, the 
stud proper and the washer, are of mild steel; the former is 
a forging, and the latter is machined from round brieht bar. 
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